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When they can eat... 





hydromorohone HC! & 


The first step after injectables in post-op analgesia. 


Description: Dilaudid is hydromorphone, 
genated ketone of morphine 

Indications: For relief of moderate to severe pain 
Contraindications: Suspected inc 

mal pressure, status asthmaticus 


a hyo 


reased intracra 


iro- hours, as necessary, for moderate to moderately se- 
vere pain. For more severe pain, 3-4 mg or more every 
4-6 hours, as nece ssary, may be required 

Treatment of Overdosage: |f overdosage is treated 
within an hour 


emes 


u and gastric lavage should be 
Warnings: May be habit forming with a potential for attempted, Special attention should be given to respi- 
addiction equivalent to morphine in equi-analgesic ration and, depression occur it may be an- 
doses. Tolerance may also occur. As with all narco! tagonized by the use of naloxor hydrochloride 
cs, use in early pregnancy only when expected bene (Narcan*) — End nalorphine hydrochloride 
fits outweigh risks (Nalline*) — Merck Sharp & Dohme or levallorphan 
Adverse Effects: Nausea. vomiting, Giarrhea, con tartrate (Lorfan®)— Roche, as recommended by the 
stipation, anorexia and somnolence may occur al- manufacturer. Other supportive measures should be 


though unlikely with appropriate dose selection 
i MM 


Dosage and Administration: Dosage must be indi 


vidualized. The usual adult dose is 2 mg every 


applied when indicated 
How Supplied: Dilaudid HCI color coded tablets 


4-6 (NOT FOR INJECTION) imprinted with K logo on one 


Side and potency on other side as follows: green — 1 
mg; orange — 2 mg; pink —3 mg and yellow — 4 mg 
Available in: 1 mg — bottles of 100 (NDC #0044-1021- 
02), 2 mg — bottles of 100 (NDC #0044-1022-02) and 
900 (NDC #0044-1022-03), 3 mg — bottles of 100 
(NDC #0044-1023-02), 4 mg — bottles of 100 (NDC 
#0044-1024-02) and 500 (NDC #0044-1024-03) 


Knoll Pharmaceutical Company 
Whippany, New Jersey 07981 
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Member Company, Certified Medical 
Representative Institute, Inc 


Staple removal 4 days post-op. Resulting scar 42 days post-op. 


Remove staples early and replace with sterile, reinforce: 
STERI-STRIP Skin Closures for less chance of infection, 
afiner scar, greater patient comfort. 


Just as with 72-hour suture removal, clinical studies have sub- 
stantiated that the potential for infection is reduced when staples 
are removed early and replaced with Steri-Strip Skin Closures. 
Early staple removal also lessens the chance that adverse 
cosmetic results will develop from staple puncture marks. Replac- 
ing staples early with reinforced Steri-Strip Skin Closures pro- 
vides greater patient comfort and extended firm support of the 
wound. 


Contact your 3M Surgical Products representative for further 
information. 3M Surgical Products Division, 3M Center, St. Paul, 
MN 55101. 


Surgical Products Division/3M 
555-IN, 3M Center 
St. Paul, MN 55101 
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Nip itinthe gut. 


Torecan can help control nausea 
and vomiting with dual action:* 
1) against circulating emetics 


(at the CTZ) 


2) against emetic sights, emotions, 
and organ insults (at the TVC) 


In using Torecan, the physician 


should consider the adverse 


reactions which are associated 
with the drug specifically and 


phenothiazines generally.** 





Torecan 


(thiethylperazine) e 


tranquilizer. 


a Its not for sedative use. 
a It'S not intended as a 


a its not an antihistamine. 


symptoms. 


Trigger Zone. 


s Its not intended for psychotic 


*As shown in animal studies; TVC — True 
Vomiting Center, CTZ — Chemoreceptor 


**Please see brief summary for detailed 


information concerning potential 


adverse reactions. 





Injectable —10 mg/2ml (thiethylperazine malate, NF) 


for IM injection only 


Suppositories —10 mg (thiethylperazine maleate, NF) 


Tablets—10 mg (thiethylperazine maleate, NF) 


Torecan® (thiethylperazine) 

Tablets, Suppositories and Injection 
Contraindications: Severe CNS depression, 
comatose states, and in patients who have 
demonstrated a hypersensitivity to phenothiazines 
(e.g., blood dyscrasias, jaundice). Because 
severe hypotension has been reported after the 
intravenous administration of phenothiazines, this 
route of administration is contraindicated. The 
drug is contraindicated in pregnancy 

Warnings: Phenothiazines are capable of 
potentiating CNS depressants as well as atropine 
and phosphorous insecticides. The drug may 
impair mental and/or physical ability required in 
the performance of potentially hazardous tasks 
such as driving a Car or operating machinery 
Postoperative Nausea and Vomiting: When used 
to control postoperative nausea and vomiting in 
patients undergoing elective uera procedures, 
restlessness and postoperative CNS depression 
during anesthesia recovery may occur. Possible 
postoperative complications of a severe degree of 
any of the known reactions of this class of drug 
must be considered. Postural hypotension may 
occur after an initial injection, rarely with the 
tablet or suppository. Do not use with epinephrine 
in the treatment of drug-induced hypotensior“as 
phenothiazines may induce a reversed epinephrine 
effect. The most suitable vasoconstrictor agents 
are levarterenol and phenylephrine. The use of 
Torecan has not been studied following intra- 
Cardiac and intracranial surgery. Not recom- 
fnended for use in children under 12 years of age, 
or in nursing mothers since safety and efficacy 
have not been established 


Precautions: Convulsions and abnormal move- 
ments such as extrapyramidal symptoms have 
occurred. The varied extrapyramidal symptom 
complex is more likely to occur in young adults 
and children. Extrapyramidal effects must be 
treated by reduction of dosage or cessation of 
medication. For treatment of nausea and/or 
vomiting associated with anesthesia and surgery, 
the drug should be administered by deep intra- 
muscular injection at or shortly before the 
termination of anesthesia 


Adverse Reactions: CNS convulsions, extra- 
pyramidal symptoms such as dystonia, torticollis, 
oculogyric crisis, akathisia and gait disturbances, 
occasional cases of dizziness, headache, fever 
and restlessness have been reported 

Drowsiness may occur initially on injection but is 
usually alleviated by a reduction in dosage 
Dryness of the mouth and nose, blurred vision, 
tinnitus; sialorrhea and altered gustatory sensa- 
tion. Peripheral edema of the arms, hands and 
face. Cholestatic jaundice; cerebral vascular 
spasm and trigeminal neuralgia have been 
reported occasionally. The following have occurred 
with phenothiazine derivatives and should be 
considered: agranulocytosis, leukopenia, 
thrombocytopenia, aplastic anemia, pancytopenia, 
eosinophilia, leukocytosis, miosis, obstipation, 
anorexia, paralytic ileus; erythema, exfoliative 
dermatitis and contact dermatitis; jaundice, biliary 
stasis. Hypotension, rarely leading to cardiac 
arrest; ECG changes. Akathisia, agitation, motor 
restlessness, dystonic reactions, trismus, torti- 
collis, opisthotonos, oculogyric crises, tremor, 
muscular rigidity, akinesia, some of which have 





persisted for several months or years especially 
in patients of advanced age with brain damage 
Menstrual irregularities, altered libido, gyneco- 
mastia, weight gain; false positive pregnancy 
tests. Urinary retention, incontinence; fever, 
laryngeal edema and angioneurotic edema, asthma. 
Hyperpyrexia, behavioral effects suggestive of a 
paradoxical reaction, including excitement, bizarre 
dreams, aggravation of psychoses and toxic 
confusional states. ECG changes. While there is 
no evidence that ECG changes are in any way 
precursors of any significant disturbance of 
cardiac rhythm, sudden and unexpected deaths 
apparently due to cardiac arrest have been 
reported in a few instances in hospitalized 
psychotic patients previously showing character- 
istic ECG changes. A peculiar skin-eye syndrome, 
which is marked by progressive pigmentation of 
areas of the skin or conjunctiva and/or accom- 
panied by discoloration of the exposed sclera and 
cornea, has also been recognized as a side effect 
following long-term treatment. Opacities of the 
anterior lens and cornea described as irregular or 
stellate in shape have also been reported 

Drug Interactions: Phenothiazines are capable of 
potentiating CNS depressants (e.g., anesthetics, 
opiates, alcohol, etc.) as well as atropine and 
phosphorous insecticides. The drug may induce a 
reversed epinephrine effect on occasion 

For complete details, please see full prescribing 
information 


A Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Ridgefield, CT 06877 
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Just one pathogen species missed by aa | 


why scrubbing and prepping leave no room for 
compromise with the quality of an antiseptic. 
A bri difference in cost is not worth the risk. 


BETADINE Microbicides idiots kil 

pan positive and gram-negative bacteria, 
ungi, viruses, protozoa and yeasts. 

BETADINE Microbicides have been 
documented specifically by name—and in the 
same formulations you employ in practice— 
in over 650 published reports encompassing 
thousands of clinical procedures. 

BETADINE Microbicides were also chosen 
by NASA for disinfection procedures in Apollo 
splashdowns and in the Skylab mission. 


— — —— BETADINE Surgical Scrub*—for surgical 
scrubbing and patient degerming. 


— — — BETADINE Solution or BETADINE 
Aerosol Spray—for patient prepping and 
postoperative antisepsis on incisions. 


antiseptic can cause serious problems. That i isi > 








Uncompromising . 
antisepsis for scrubbing 
and prepping 


® 
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*In the rare instances of local irritation or sensitivity, 
discontinue use by the individual. 


Purdue Frederick ° 


©Copyright 1979, The Purdue Frederick Company/Norwalk, CT 06856 
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may be implicated 

in a number of clinical situations, 

including... | 

e Septic abortions 

e deep wounds 

e bacteremia 

e metastatic or other abscesses in association 
with thromboembolic phenomena 


Sensitivity testing is always Under normal conditions, bacte- 
recommended prior to instituting roides are benign. But in infectious 
therapy with Chloromycetin situations they can be extremely 
(chloramphenicol). However, in virulent. 
some situations, it may be neces- | Fortunately, most bacteroides 
sary to administer Chloromycetin | infections are susceptible to 
completed. col) therapy. Yet, all too often their 
presence goes undetected. So 
Bacteroides are the most prevalent today, many authorities recommend 
microbial flora of man. They are early—and vigorous—treatment 
anaerobic, aero-intolerant, non- with Chloromycetin when the 
sporeforming, nonmotile, gram- clinical impression suggests thata 
negative bacilli. They most often Bacteroides infection is present. 
appear in mixed infections, and are Chloromycetin must be used only 
highly opportunistic. Further, they in those serious infections for 
are very difficult to culture. which less potentially dangerous 


drugs are ineffective or 
contraindicated. 


But when bacteroides are impli- 
cated, Chloromycetin (chloram- 
phenicol) therapy may well be the 
conservative course. For, in such 
situations, the benefits-to-risk ratio 
with Chloromycetinis very favorable. 


See next page for full prescribing -< 
information. 
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Prescribing information—Chioromycetin 
(chloramphenicol) Sodium Succinate 
For intravenous administration 


WARNING 

Serious and fatal blood dyscrasias {aplastic 
anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytopenia) are known to occur after 
the administration of chloramphenicol. in addi- 
tion, there have been reports of aplastic anemia 
attributed to. chloramphenicol which later termi- 
nated in leukemia. Blood dyscrasias have oc- 
curred after both short-term and prolonged 
therapy with this drug. Chloramphenicol must 
not be used when less potentially dangerous 
agents will be effective, as described in the 
indications section. Ít must not be used in the 
treatment of trivial infections or where it is not 
indicated, as in colds, influenza, infections of the 
throat; or as a prophylactic agent to prevent 
bacterial infections. 

Precautions: it is essential that adequate blood 
studies be made during treatment with the drug. 
While blood studies may detect early peripheral 
blood changes, such as leukopenia, reticulocyto- 
penia, or granulocytopenia, before they become 
irreversible, such studies cannot be relied on to 
detect bone marrow depression prior to develop- 
ment of aplastic anemia. To facilitate appropriate 
studies and observation during therapy, it is 
desirable that patients be hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE 1S IN- 
TENDED FOR INTRAVENOUS USE ONLY. iT HAS 
BEEN DEMONSTRATED TO BE INEFFECTIVE WHEN 
GIVEN INTRAMUSCULARLY. 


1, Chioramphenicol sodium succinate must be hydro- 

lyzed to its microbiologically active form and there is 

a lag in achieving adequate blood levels compared 

with the base given intravenously. 

The orai form of chloramphenicol is readily absorbed 

and adequate blood levels are achieved and main- 

tained on the recommended dosage, 

3. Patients started on intravenous chloramphenico! so- 
dium succinate should be changed to the oral form 
as soon as practicable. 


DESCRIPTION 


Chioramphenicol is an antibiotic that is clinically use- 
ful for, and should be reserved for, serious infections 
caused by organisms susceptible to its antimicrobial 
effects when less potentially hazardous therapeutic 
agents are ineffective or contraindicated. Sensitivity 
testing is essential to determine its indicated use, but 
may be performed concurrently with therapy initiated 
on clinical impression that one of the indicated condi- 
tions exists (see Indications section). 

Each gram (10 ml of a 1096 solution) of chloram- 
phenicol sodium succinate contains approximately 52 
mg (2.25 mEq} of sodium. 


ACTIONS AND PHARMACOLOGY 


In vitro chioramphenicol exerts mainly a bacteriostatic 
effect on a wide range of gram-negative and gram- 
positive bacteria and is active in vitro against rickett- 
sias, the lymphogranuloma-psittacosis group, and Vibrio 
cholerae. it is particularly active against Salmonella 
typhi and Hemophilus influenzae. The mode of action 
is through interference or inhibition of protein syn- 
thesis in intact cells and in cell-free systems. 
Chloramphenicol administered oraily is absorbed 
rapidly from the intestinal tract. In controlled studies 
in adult volunteers using the recommended dosage of 
50 mg/kg/day, a dosage of 1 g every six hours for eight 
doses was given. Using the microbiological assay 
method, the average peak serum level was 11.2 mog/mi 
one hour after the first dose. A cumulative effect gave 
a peak rise to 18.4 mcg/ml after the fifth dose of 1 g. 
Mean serum levels ranged from 8 to 14 mcg/ml over the 
48-hour period. Total urinary excretion of chloramphen- 
icol in these studies ranged from a low of 68% to a 
high of 99% over a three-day period. From 8% to 12% 
of the antibiotic excreted is in the form of free chlor- 
amphenicol; the remainder consists of microbiolog- 
ically inactive metabolites, principally the conjugate 
with glucuronic acid. Since the glucuronide is excreted 
rapidly, most chloramphenicol detected in the blood is 
in the microbiologically active free form. Despite the 
small proportion of unchanged drug excreted in the 
urine, the concentration of free chloramphenicol is 
relatively high, amounting to several hundred mcg/m! 
in patients receiving divided doses of 50 mg/kg/day. 
Small amounts of active drug are found in bile and 
feces, Chloramphenicol diffuses rapidly, but its distri- 
bution is not uniform. Highest concentrations are found 
in liver and kidney, and lowest concentrations are found 
in brain and cerebrospinal fluid. Chloramphenicol en- 
ters cerebrospinal fluid even in the absence of menin- 
geal inflammation, appearing in concentrations about 
half of those found in the blood. Measurable levels are 
also detected in pleural and in ascitic fluids, saliva, 
miik, and in the aqueous and vitreous humors. Transport 
across the placental barrier occurs with somewhat lower 
concentration in cord blood of newborn infants than 


in maternal blood. 
INDICATIONS 

In accord with the concepts in the Warning Box and 
this Indications section, chioramphenicol must be 
used only in those serious infections for which less 
potentially dangerous drugs are ineffective or con- 
traindicated. However, chioramphenico! may be 
chosen to initiate antibiotic therapy on the clinical 
impression that one of the conditions below is be- 
lieved to be present; in vitro sensitivity tests should 
be performed concurrentiy so that the drug may be 
discontinued as soon as possible if less potentially 
dangerous agents are indicated by such tests. The 
decision to continue use of chloramphenicol rather 
than another antibiotic when both are suggested by 


m 


in vitro studies to be effective against a specific 
pathogen shouid be based upon severity of the in- 
fection, susceptibility of the pathogen to the various 
antimicrobial drugs, efficacy of the various drugs in 
the infection, and the important additional concepts 
contained in the Warning Box above. 


1. Acute infections caused by S typhi* 

it is not recommenced for the routine treatment of 

the typhoid carrier state. 
2. Serious infections caused by susceptible strains in 

accordance with the concepts expressed above. 

a) Safroonelia species 

b) H intluenzae, specifically meningeal infections 

c) Rickettsia 

d) Lymphogranuloma-psittacosis group 

e) Various gram-negative bacteria causing bacte- 
oS meningitis, or other serious gram-negative infec- 
ions 

f) Other susceptible organisms which have been 
demonstrated to be resistant fo all other appropriate 
antimicrobial agents 
3. Cystic fibrosis regimens 


*in the treatment of typhoid fever, some authorities recommend 
that chloramphenicol be administered at therapeutic levels for 8 
to 10 days after the patient has become afebrile to lessen the pos- 
sibility of relapse. 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with 
a history of previous hypersensitivity and/or toxic reac- 
tion to it. /f must not be used in the treatment of trivial 
infections or where it is not indicated, as in colds, in- 
fluenza, infections of the throat; or as a prophylactic 
agent to prevent bacterial infection. 


PRECAUTIONS 

1. Base line blood studies should be followed by peri- 
odic blood studies approximately every two days during 
therapy. The drug should be discontinued upon appear- 
ance of reticulocytopenia, leukopenia, thrombocytope- 
nia, anemia, or any other blood study findings attribut- 
able to chloramphenicol. However, it should be noted 
that such studies do not exclude the possible later 
appearance of the irreversible type of bone marrow 
depression. 

2. Repeated courses of the drug should be avoided 
if at all possible, Treatment should not be continued 
longer than required to produce a cure with little or no 
risk of relapse of tha disease. 

3. Concurrent therapy with other drugs that may 
cause bone marrow depression should be avoided. 

4. Excessive blood levels may resuit from administra- 
tion of the recommended dose to patients with im- 
paired liver or kidney function, including that due to 
immature metabolic processes in the infant. The dosage 
should be adjusted accordingly or, preferably, the blood 
concentration should be determined at appropriate 
intervals. 

5. There are no studies to establish the safety of this 
drug in pregnancy. 

6, Since chloramphenico! readily crosses the pia- 
cental barrier, caution in use of the drug is particularly 
important during pregnancy at term or during labor be- 
cause of potential toxic effects on the fetus (gray syn- 
drome). 

7, Precaution should be used in therapy of premature 
and full-term infants to avoid gray syndrome toxicity. 
(See Adverse Reactions.) Serum drug levels should 
ve carefully followed during therapy of the newborn 
infant. 

8. Precaution should ba used in therapy during lacta- 
tion because of the possibility of toxic effects on the 
nursing infant. 

9. The use of this antibiotic, as with other antibiotics, 
may result in an overgrowth of nonsusceptible organ- 
isms, including fungi. If infections caused by nonsus- 
ceptible organisms appear during therapy, appropriate 
measures should be taken. 


ADVERSE REACTIONS 
1. Blood Dyscrasias 

The most serious adverse effect of chloramphenicol! 
is bone marrow depression. Serious and fatal blood 
dyscrasias (aplastic anemia, hypoplastic anemia, throm- 
bocytopenia, and granulocytopenia) are known to occur 
after the administration of chloramphenicol. An irre- 
versible type of marrow depression leading to aplastic 
anemia with a high rate of mortality is characterized by 
ihe appearance weeks or months after therapy of bone 
marrow aplasia or hypoplasia. Peripherally, pancyto- 
penia is most often observed, but in a small number of 
cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. 

A reversible type of bone marrow depression, which 
is dose-related, may occur. This type of marrow depres- 
sion is characterized by vacuolization of the erythroid 
cells, reduction of reticulocytes, and leukopenia, and 
responds promptly to the withdrawal of chloramphenicol. 

An exact determination of the risk of serious and 
fatal blood dyscrasias is not possible because of lack 
of accurate information regarding (1) the size of the 
population at risk, (2) the total number of drug-asso- 
ciated dyscrasias, and (3) the total number of nondrug- 
associated dyscrasias. 

in a report to the California State Assembly by the 
California Medical Association and the State Depart- 
ment of Public Health in January 1967, the risk of fatal 
aplastic anemia was estimated at 1:24,200 to 1:40,500 
based on two dosage levels. 

There have been reports of aplastic anemia attri- 
buted to chloramphenicol which later terminated in 
leukemia. 

Paroxysmal nocturnal hemoglobinuria has also been 
reported. 

2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis, diarrhea 
and enterocolitis may occur in low incidence. 
3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and 
delirium have been described in patients receiving 
chicramphenicol. Optic and peripheral neuritis have 
been reported, usually following long-term therapy. H 
this occurs, the drug should be promptly withdrawn. 


4. Hypersensitivity Reactions 

Fever, macular and vesicular rashes, angioedema, 
urticaria, and anaphylaxis may occur, Herxheimer reac- 
tions have occurred during therapy for typhoid fever. 
5. "Gray Syndrome" 

Toxic reactions including fatalities have occurred in 
the premature and newborn; the signs and symptoms 
associated with these reactions have been referred to 
as the gray syndrome, One case of gray syndrome 
has been reported in an infant born to a mother having 
received chloramphenicol during labor. One case has 
been reported in a 3-month-old infant. The following 
summarizes the clinical and laboratory studies that 
have been made on these patients: 


a} In most cases, therapy with chloramphenicol had 
been instituted within the first 48 hours of fife. 

b) Symptoms first appeared after three to four days 
of continued treatment with high doses of chloram- 
phenicol. 

C) The symptoms appeared in the following order: 
(1) abdominal distension with or without emesis; 
Ic progressive pallid cyanosis; 

3) vasomotor collapse, frequently accompanied 
by irregular respiration; 

(4) death within a few hours of onset of these 
symptoms. 

d) The progression of symptoms from onset to exitus 
was accelerated with higher dose schedules. 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chicramphenicol 
(over 90 mcg/m! after repeated doses). 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery. 


ADMINISTRATION 


Chloramphenicol, like other potent drugs, should be 
prescribed at recommended doses known to have thera- 
peutic activity, Administration of 50 mg/kg/day in di- 
vided doses will produce blood levels of the magnitude 
to which the majority of susceptible microorganisms 
will respond. 

As soon as leasible, an oral dosage form of 
chioramphenicol should be substituted for the intra- 
venous form because adequate blood leveis are 
achieved with chloramphenicol by mouth. 

The following method of administration is recom- 
mended: 

Intravenously as a 10% (100 mg/ml) solution to be 
injected over at least a one-minute interval. This is pre- 
pared by the add tion of 10 ml of an aqueous diluent 
such as water for injection or 5% dextrose injection. 


Adults DOSAGE 


Adults should receive 50 mg/kg/day in divided doses 
at six-hour intervals. in exceptional cases, patients 
with infections due to moderately resistant organisms 
may require increased dosage up to 100 mg/kg/day to 
achieve blood levels inhibiting the pathogen, but these 
high doses should be decreased as soon as possible. 
Adults with impairment of hepatic or renal function or 
both may have reduced ability to metabolize and ex- 
crete the drug. In instances of impaired metabolic 
processes, dosages should be adjusted accordingly. 
(See discussion under Newborn Infants.) Precise con- 
troi of concentration of the drug in the blood should be 
carefully followed in patients with impaired metabolic 
processes by the available microtechniques (informa- 
tion available on request). 

Children 
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Recent Concepts in the Treatment of Hepatic Trauma 


Experience with 85 consecutive patients treated at Bellevue 
Hospital for hepatic trauma over the past two years has es- 
tablished the importance of several principles of management. 
Simple liver injuries can be treated by superficial suture and 
drainage. Using this approach in 57 patients there were no 
deaths and no postoperative abscesses. Among 28 other pa- 
tients with complex liver injuries, the first six patients (Group 1) 
were treated by lobectomy alone (1 patient), lobectomy and 
intracaval shunt (3 patients), hepatic artery ligation (1 patient), 
and left lateral segmentectomy (1 patient). Only one of the 
six survived. In the next 22 consecutive patients managed by 
the Pringle maneuver combined with finger fracture technique 
of the hepatic parenchyma and a viable omental pack there 
was only one death (4.5%). An intracaval shunt was used 
successfully once in this group, in a patient with a lacerated 
middle hepatic vein. Only one patient developed a postoperative 
subphrenic abscess (4.5%), and no patients required reopera- 
tion for bleeding. Eighty-two per cent of these 22 patients 
safely tolerated inflow occlusion of greater than 20 minutes 
with steroid protection. Hepatic artery ligation is superfluous 
in the majority of liver injuries. In complex injuries involving 
lobar branches of the portal vein, the retrohepatic cava or 
hepatic veins hepatic artery ligation is probably ineffective. 
Hepatic resection is rarely required and carries a prohibitive 
mortality. The finger fracture technique provides a direct ap- 
proach to the source of hemorrhage and is probably the pro- 
cedure of choice. 


QONOMPLEX LIVER INJURIES with laceration of lobar 
C branches of the portal vein, the retrohepatic cava 
or hepatic veins continue to challenge surgeons as the 
mortality from these injuries remains in excess of 50%. 
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Facts and Fallacies 
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Several operative approaches to complex liver in- 
juries have been tried, including anatomic hepatic 
lobectomy, hepatic artery ligation and the insertion 
of temporary vena caval shunts. Neither anatomic 
hepatic lobectomy nor hepatic artery ligation have 
significantly lowered the high mortality rate. Injuries 
to the retrohepatic cava and hepatic veins have stim- 
ulated an abundance of literature concerning temporary 
vena caval shunts. However, in a collective review 
of 46 vena caval shunt insertions the reported mortality 
was 76%.” 

This report presents experiences at Bellevue Hospi- 
tal with 85 consecutive hepatic injuries treated over 
a two year period. One of the authors (H.L.P.) partici- 
pated directly in the care of all but one of these patients. 

Twenty-eight of the 85 patients had massive injuries 
with major intrahepatic vascular lacerations or juxta- 
hepatic venous injuries. In the first six of these 28 
patients, four underwent hepatic lobectomy (including 
insertion of an intracaval shunt in three) and the other 
two left lateral segmentectomy and hepatic artery 
ligation respectively. Only one of these six patients 
survived, the patient undergoing segmentectomy. 

Because of this unacceptable mortality, a different 
approach was tried in the next 22 patients. Experience 
with these patients forms the basis for this report. 

The essential features of the new approach included 
temporary control of hemorrhage by the Pringle Maneu- 
ver,* extending the abdominal incision into the chest 
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TAsLE 1. Mechanisms of Hepatic Trauma and Associated 
Injuries in 85 Patients 


Cases Associated Injuries 





85 4685-54% 

Blunt 8/85—9.4% 3/8~37.5% 
SW 55/85~64.7% 25/55~—45.4% 
GSW 22/85—25.8% 18/22~81.8%% 





SW: stab wound. GSW: gunshot wound. 


only if hemorrhage was not controlled; subsequent 
finger fracture??? of normal hepatic parenchyma to 
expose the site of hemorrhage: debridement of de- 
vitalized tissue; and the insertion of a viable pedicle of 
omentum within the liver.» 


Material 


From 1976—1978, 85 consecutive patients underwent 
operative treatment for hepatic injuries. The mean age 
of the entire group was 32 years, with a male to female 
ratio of 9:1. 64.7% of all injuries were due to stab 
wounds, 25.8% resulted from gunshot wounds, and 
9.4% were secondary to blunt trauma. 54% of all pa- 
tients had associated injuries (Table 1). 

Fifty-seven of the 85 patients sustained simple liver 
injuries and 28 sustained complex liver injuries. Of the 
latter, 24 were not associated with either injuries of 
the retrohepatic cava or hepatic veins. Of the 22 pa- 
tients that form the basis for this report, 68.2% had 
associated injuries. Approximately one-half, (54.5%) of 
the injuries involved the right lobe of the liver alone, 
and 1896 involved both the right lobe and the medial seg- 
ment of the left lobe (Table 2). Four patients sustained 
injuries to the juxtahepatic venous vasculature. 


Operative Management 


Methods of operative management are summarized 
in Table 3. Control of hemorrhage and prompt re- 
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TABLE 2. Associated Injuries Among 22 Patients 


with Complex Hepatic Trauma 








Mode 
of 
Site of Injury Injury Associated Injuries 
Il. MSLL GSW Duodenum, cecum, middle colic vein 
2. RL Blunt None 
3. MSLL SW Diaphragm, stomach, kidney, 
pancreas 
4, RL, MSLL GSW Lung, esophagus, stomach 
5. RL GSW Small bowel, gallbladder 
6. RL Blunt None 
7, RL GSW Lung 
8. RL SW Right ventricle, gallbladder, stomach 
9. RL. MSLL Blunt None 
10. MSLI SW Pancreas 
11. RL SW Gallbladder, kidney, renal artery 
12. MSLI SW None 
13, RL GSW* Kidney, spine, paraspinal muscles 
i4. RL Blunt Gallbladder, colon 
15. RL GSW None 
16. MSLL SW None 
17. RL, MSLL SW Stomach 
18. RL SW Small bowel, colon 
19. MSLI SW None 
20. RL GSW Lung. diaphragm, kidney 
21. RL, MSLL SW Pulmonary artery, spleen, stomach 
22. RL SW Diaphragm, stomach 


Associated Injuries — 68.26€ 
Injuries for specific anatomic location 


RL MSLL 
12 (54.557) 6 (27.2%) 


RL & MSLL 
4 (1857) 





RL: right lobe. MSLL: medial segment left lobe. SW: stab 
wound. GSW: gunshot wound. 
* Patient shot with a 30.06 rifle — death due to associated injuries. 


suscitation were the initial maneuvers in all patients 
who were actively bleeding at the time of laparotomy. 

The Pringle Maneuver was successful in controlling 
hemorrhage in 21 of 22 patients (Fig. 1). Glisson's 
capsule was then incised with the electrocautery and 
normal hepatic parenchyma was opened in the direc- 
tion of the injury by the finger fracture technique to 
allow ligation of bleeding vessels and lacerated bile 


TABLE 3. Management and Results in 85 Patients with Hepatic Trauma 





Management 


M a ra n AOAC ACO A 


Simple injuries 
drainage or superficial suture and drainage 
Complex injuries 
Group | 
hepatic lobectomy 
hepatic lobectomy and intracaval shunt 
left lateral segmentectomy 
hepatic artery ligation 
Group Il 
finger fracture technique. ligation of bleeding 
vessels, debridement and omental pack* 


22 (78.5%) 
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No. Patients 


Treated Mortality Postop Abscess 


57 0% ce 


6 (21.4%) 1 (1798) 


1 (4.5%) | (4.5%) 


* Intracaval shunt used once successfully in conjunction with this technique. 
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ducts under direct vision (Fig. 2). Nonviable segments 
of the liver were debrided and a pedicle of omentum 
based on the gastroepiploic vessels was placed within 
the liver. The two open edges of the liver were then 
loosely approximated around the omental pedicle with 
Q-chromic or 0-dexon blunt nose liver sutures. Closed 
suction drainage anteriorly and posteriorly to the injury 
was regularly employed (Fig. 3). One of the 22 patients 
treated in this fashion had an injury of the middle he- 
patic vein as well as lobar branches of the portal vein. 
This injury necessitated the use of an intracaval shunt. 


Inflow Occlusion Time 


The mean inflow occlusion time for the 22 patients 
treated in the above described fashion was 31 minutes. 
All patients were given 30—40 mg/kg of solumedrel 
intravenously as a bolus prior to inflow occlusion. 82 
per cent had inflow occlusion times of greater than 20 
minutes and 45% had inflow occlusion times greater 
than 30 minutes (Table 4). 


Results 
Mortality (Table 3) 


There were no deaths in 57 patients with simple he- 
patic injuries. In the first six of the 28 patients (Group 1) 
with complex liver injuries treated with lobectomy 
alone or in conjunction with an intracaval shunt, hepatic 
artery ligation or segmentectomy, only one patient sur- 





Fic. 1. An injury to the right lobe and medial segment of the left 
lobe is shown. The Pringle maneuver has been accomplished with an 
atraumatic vascular clamp. Finger fracture of the hepatic parenchyma 
has begun in the direction of the injury exposing blood vessels and 
bile ducts. 
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Fic. 2, Lacerated blood vessels and bile ducts have been ligated 
and devitalized tissue has been debrided. The omentum has been 
mobilized off the stomach and transverse colon on a pedicle of gastro- 
epiploic vessels. 


vived, a mortality of 83%. However, in the next 22 
consecutive patients (Group 2) treated by temporary 
inflow occlusion; finger fracture of the hepatic paren- 
chyma; suture ligation of bleeding vessels and lacerated 
bile ducts; debridement; and the omental pedicle, there 
was only one death (4.5%). 


Postoperataive Abscess 


One patient in the subgroup of 22 patients with com- 
plex liver injuries developed a right subphrenic abscess 
which was treated on the tenth postoperative day by 
extraperitoneal drainage through the bed of the twelfth 
rib. Recovery was then uneventful. 


Discussion 


Based on this encouraging experience with 22 pa- 
tients who sustained complex liver injuries, the fol- 
lowing plan of operative management is recommended. 

Bimanual compression of the liver usually arrests 
bleeding temporarily and allows for replacement of 
blood volume and correction of lethal acidosis. Inflow 
occlusion is then accomplished by the Pringle maneu- 
ver." The limit of warm ischemia time to the liver 
is usually regarded as 20 minutes,**?? but longer periods 
of warm ischemia have been reported with elective 


426 





Fic. 3. The omentum has been inserted into the area of liver injury 
and is held in place by several interrupted liver sutures. Closed 
suction drainage anteriorly and posteriorly is accomplished by a 
pair of Jackson-Pratt drains. 


hepatic surgery." Uncertainty, still exists, however, 
as to whether unprotected warm ischemia to the liver 
for greater than 20 minutes is safe in emergency situations. 

Methods of extending warm ischemia time include 
the use of steroids! and hypothermia.?* ^ Solumedrol 
(30—40 mg/kg) was given intravenously as a bolus in 
all 22 patients reported in this series prior to inflow 
occlusion. The use of steroids may have been respon- 
sible for inflow occlusion tolerance beyond 20 minutes 
in 82%, and beyond 30 minutes in 45% of these patients. 
In addition, two liters of iced Ringers lactate was used 
topically on the liver to induce some degree of hypo- 
thermia. This method of local hypothermia cannot be 
evaluated adequately, however, as an intrahepatic tem- 
perature probe was not used. 


Bleeding Arrested with Inflow Occlusion 


The Pringle Maneuver will usually control hemor- 
rhage that originates from the intrahepatic branches 
of the portal vein and hepatic artery. The key step 
in the operative approach is then to incise normal he- 
patic parenchyma in the direction of the injury by the 
finger fracture technique?" ?? until the source of bleed- 
ing can be identified and controlled under direct vision. 
This approach was strikingly effective in disclosing the 
site of lacerated blood vessels and bile ducts which 
could then be ligated directly. Debridement of hepatic 
parenchyma is then limited to obviously devitalized 
tissue. Failure to debride adequately is likely to result 
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in an intrahepatic or an intra-abdominal abscess. An 
omental pack is then fashioned as described by Stone? 
and placed within the liver. The two edges of the liver 
are loosely approximated around the omental pedicle. 
The ‘‘viable pack of omentum"' has a two-fold function, 
in that it serves to eliminate dead space and at the same 
time to tamponade minor venous oozing from the he- 
patic parenchyma. Development of only one subphrenic 
abscess and the absence of postoperative bleeding in 
the patients reported here supports its effectiveness. 


Bleeding Not Arrested by Inflow Occlusion 


Failure of inflow occlusion to control massive hemor- 
rhage from within the liver suggests injury to the retro- 
hepatic cava or hepatic veins. This occured only once 
in the 22 patients treated. Once the injury is recognized 
prompt extension of the abdominal incision through 
the sternum offers optimal exposure for vascular 1so- 
lation,” by any one of a variety of techniques.?^*!5-- 
314.5749 The continued high mortality in these cases 
probably derives from the fact that shunt insertion was 
delayed until 10-15 units of blood has been lost with 
development of associated coagulation defects. If the 
decision for vascular isolation can be made quickly 
and the shunt is placed expeditiously, patients may 
be saved who would otherwise succumb. 


Hepatic Artery Ligation 


Hepatic artery ligation has frequently been advocated 
for the control of bleeding from hepatic trauma. 1??9^77 
In the majority of liver injuries, hepatic artery ligation 
may be superfluous however, as superficial suture and 
drainage is all that is required. Moreover, in those in- 
juries involving lobar branches of the portal vein, the 
retrohepatic cava or hepatic veins, hepatic artery liga- 
tion is probably ineffective. Flint!* reported a 14% fail- 
ure rate with hepatic artery ligation and a 54% mortality 
in those patients in whom hepatic artery ligation failed. 
His report confirms the inability of hepatic artery liga- 


TABLE 4. Inflow Occlusion in 22 Patients with 
Complex Liver Injuries? 


BENE qwe DR 


Time Patients 
NNMERO PEE 
15-20 min 4 (18%) 

21-30 min 8 (36%) 
31-40 min 7 (329€) 
41—50 min 2 (9%) 

>60 min | (4.5%) 


"RENE" 

Inflow occlusion time: >20 minutes — 18 (82%). >30 minutes — 
10 (48%). 

Mean inflow occlusion time: 31 minutes. 

* All patients were given 30-40 mg/kg Solumedrol IV as a bolus 
prior to inflow occlusion. 
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tion to control bleeding from lobar branches of the 
portal vein. Bleeding from injuries to the retrohepatic 
cava and hepatic veins is retrograde bleeding. It is 
difficult to understand how such bleeding could be 
helped by hepatic artery ligation. Furthermore, the 
safety of hepatic artery ligation in patients with massive 
injuries remains in question. Hepatic necrosis, rebleed- 
ing and abscess formation all have been reported 
recently. 3 6i2: 


Hepatic Resection 


The frequency of hepatic resection for trauma has 
progressively declined, and currently seems to be em- 
ployed in only 2.5—1396,9.19.19.20.222955 Although the 
techniques of hepatic resection have been well defined 
in the past decade, the mortality of hepatic resection 
for trauma remains above 50%. These two facts suggest 
that anatomic lobectomy is required only rarely for 
liver trauma and that the mortality from this procedure 
is prohibitively high. The finger fracture technique to 
incise the liver, provides a much simpler and more 
direct approach for the isolation of bleeding intrahe- 
patic vessels.? 7 Combined with inflow occlusion, the 
finger fracture technique renders anatomic hepatic 
lobectomy unnecessary in the vast majority of cases. 
Hepatic lobectomy may still have a limited role, how- 
ever, in those patients with either total destruction of 
normal hepatic anatomy or those in whom resection 
is absolutely essential to gain control of juxtahepatic 
venous injuries.” In such patients the use of the Storm- 
Longmire clamp would appear to facilitate resection.? 
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DISCUSSION 


Dr. F. WiLLIAM BLAISDELL (Sacramento, California): Many 
of the principles that Drs. Pachter and Spencer outlined in the 
management of liver trauma are appropriate and will lead to 
lower morbidity and mortality. I particularly agree with the 
appropriateness of definitive direct ligature of the bleeding point. 

I would like to take issue with a couple of their facts and say 
that they are. perhaps. fallacies. The first of these relates to the 
fact that hepatic venous injury is a common result of liver lacera- 
tion and is a frequent source of hemorrhage. In my opinion it is a 
relatively rare cause of persistent hemorrhage. 

Hepatic venous injury occurs most often in association with high 
velocity, blunt trauma. Bleeding from hepatic veins is usually from 
the undersurface of the liver, and under these circumstances the 
use of an internal shunt has provided a means of temporary control 
of bleeding. When the hepatic venous injury is in the depths of a 
laceration, bleeding usually stops spontaneously. This is because 
along with portal injuries this is low pressure bleeding and gen- 
erally is tamponaded by the liver. Major, open lacerations can 
be a serious problem. Attempts to control stab wounds or gun- 
shot wounds by further opening the laceration results in the po- 
tential of devascularization of major segments of the liver and for 
more ultimate morbidity. 

Another issue I take with the authors’ "facts" relates to hepatic 
artery ligation. | have little question that hepatic artery ligation has 
been a major advance in the management of certain types of liver 
injury, particularly penetrating types of trauma in which disruption 
of the substance of the liver is minimal. Under these circumstances 
portal venous injury and hepatic venous injury are readily tam- 
ponaded and are not clinical problems. The primary bleeding 
problem relates to hepatic artery injury, and this is the reason that 
hepatic artery ligation works. We have reported a series that con- 
firms the observation of Dr. Truman Mays that it is a safe pro- 
cedure. We have had no mortality with the selective use of hepatic 
artery ligation, and it is a much simpler procedure than hepatic 
resection. 

Certainly if the bleeding persists after the portal triad clamp has 
been applied usually it is due to hepatic venous bleeding. in 
some instances, however, abnormal supply of the left lobe of the 
liver by anomalous branches of the hepatic artery are the source of 
hemorrhage. and one should look for these should hemorrhage 
not be controlled by the application of the clamp. If the bleeding 
persists, and the hepatic arteries are controlled, then a procedure 
to isolate the hepatic vein is indicated. However, coming down on 
the hepatic vein through the laceration is like looking directly into 
the vena cava; this can be difficult and associated with massive 
loss of blood. 

The principles outlined of good drainage, the application of the 
omental pack are something that all of us can apply and improve 
upon our results in the management of liver trauma. 


Dr. BEN EisEMAN (Denver, Colorado): Drs. Pachter and Spencer 
have identified important principles in the management of liver 
injuries and have shown that by a straightforward method of 


gaining exposure of deep injuries in the parenchyma they can 
achieve an excellent chance of survival by simple suture of the 
major vascular bleeding points. 

At the Denver General Hospital. Dr. Aragon and I reviewed 
300 consecutive liver injuries and more recently Dr. Eugene Moore 
reviewed 273 more. We recognize three main types of injuries. The 
first category, making up 85% of the cases, are simple superficial 
lacerations in which there is almost no mortality from the liver 
injury itself. 

The second category, making up about 10° of the injuries, is 
deep lacerations into the parenchyma, and it is with these that Dr. 
Pachter is largely dealing in his paper. He states that bleeding was 
controlled in 21 of 22 of his injuries by cross clamping the porta 
hepatis. This is how to differentiate a serious deep Class H injury 
from the far more dangerous Class IH injuries that are into the vena 
cava and into the hepatic veins as they converge into the cava. The 
Pringle maneuver does not usually even slow down bleeding from 
these rare (596) but grave injuries. We agree with Drs. Pachter 
and Spencer that you have to get to them quickly through the chest. 

The message of this carefully detailed experience is to expose the 
bottom of deep liver injuries and accurately ligate the bleeding point. 
The authors have shown us that, if the site of bleeding cannot be 
seen, the overlying liver wound should be extended by finger frac- 
ture to expose the vessel deep in the liver substance. The technique 
is simple, direct, sound and well documented, as is typical of the 
work of authors of this paper. 


DR. ALEXANDER J. WaLT (Detroit): I believe that the liver has 
been given excessive attention in recent years but at least our per- 
spectives on liver injury are much improved and clearer. By and 
large, injury to the liver tends to be relatively innocuous, as 50% 
of patients will have stopped bleeding by the time we operate on 
them and almost another 40% require little more than some sutures 
or hemoclips. It is the remaining 10% of patients that we are bothered 
about. 

I would point out as a matter of historical interest that Mr. 
Pringle, when he reported his maneuver in 1908, presented eight 
cases. He had gone to the surgical laboratories in Vienna and 
worked on a lot of rabbits — presumably, they did not have rabbits 
in Scotland at that time — came back and operated on eight pa- 
tients; they all died. So the mortality was 100% for those on whom 
he tried his maneuver. Even today, however, the Pringle maneuver 
is not effective in a fair number of instances of massive liver 
injuries. Dr. Blaisdell has given some reasons for this, not the least 
of which is the occasional anomalous blood supply to the liver such as 
a branch of the left gastric supplying the left lobe. 

What we really need in liver injuries is an injury severity score 
if we are to assess our results accurately. Indeed, I believe that 
we need a reliable injury severity score for all trauma as we cur- 
rently tend to match apples and oranges. If we were to have such an 
index for liver injuries, four main things would need to be looked at. 
The first is the patient — and our patients in Detroit often tend to be 
drugged, drunk or debilitated, which works against their recovery. 
Second, we must look at the nature of liver lesions carefully as 
they obviously vary a great deal in different environments. Third, 
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one needs to consider the variety of associated lesions outside the 
peritoneal cavity whether these involve the brain, the chest or other 
organs. Last, the occurrence of associated organ injuries within the 
peritoneal cavity, more particularly concomitant vascular and 
colonic injuries, are of vital importance. For example, if the 
colon is injured, sepsis is much more likely to supervene and to 
increase the mortality. 

| remain uncertain, as apparently is Ben Eiseman, about the 
degree of injury in these patients. To salvage 21 of 22 severe in- 
juries is something of a surprise if only because of the usual 
association of colonic and vascular injuries in these patients which 
are hable to carry the patients off rather than the liver injury. 

AS you so successfully stemmed the bleeding, I would ask if you 
used Avitene on any of your patients and cannot help noting with 
interest how seldom you had occasion to ligate the hepatic artery. 

I would like to know whether you really believe that all liver 
injuries must be drained because Dr. John Perry has shown us that 
this is possibly unnecessary. 


Dr. RONALD A. Marr (Boston, Massachusetts): Ligation of the 
hepatic artery is often useful and sometimes indispensable but 
not without hazard. Hepatic necrosis and other difficulties can occur. 
If, in exchange, bleeding is controlled in most patients, it is a 
satisfactory exchange. However, the really deep and the bad liver 
injuries are those in which hepatic artery ligation probably will not 
work, for reasons just described. 

I, too, believe that injuries of the vena cava and of the major 
hepatic veins are unrecognized and poorly treated causes of uncon- 
trolled hepatic hemorrhage. This is often the situation in which the 
liver does not really look too bad, but there is abundant blood com- 
ing from somewhere. When that situation occurs, and you are suck- 
ing and sucking without being able to identify the source, the place 
to look is behind the liver, in the cava. 

Although I have used intracaval shunts with some success and 
with some enthusiasm in years gone by, I have turned to using 
them now only in extremis. The reason is that a maneuver of 
simply freeing the right lobe of the liver by division of the triangular 
and the coronary ligaments to permit the right lobe of the liver to 
be totally freed and rotated all the way to the left puts torsion on 
the inferior vena cava, and often the hepatic veins, so that bleeding 
— if it does not stop— at least slows enough so that one sucker can 
be used instead of three. Torsion also permits apposition of the cut 
edges of the vena cava and hepatic veins with Judd-Allis clamps so 
that caval integrity can be restored to allow restoration of blood 
flow: it also permits judicious and careful approximation of the tis- 
sues with 4-0 vascular sutures at a time of one's choice. 

I have not been enthusiastic about packing the liver with any- 
thing except when all other measures to stop bleeding fail. Al- 
though it is true that authorities describe leaving the liver open and 
not draining it, I believe it is a better pedagogical principle to 
leave the liver open and to remove the efflux of blood and bile. 
If it is a shallow injury, no omental packing is required, and there- 
fore packing is a useless step. If the injury is severe and deep, I 
am concerned that the "occasional" ' hepatic surgeon will be tempted 
to fill that great gap with omentum, leaving a devitalized liver 
lobe behind, when he should follow the other, more difficult, prin- 
ciple that Drs. Pachter and Spencer described: namely, immediate 
resectional debridement. Either that, or he should pack the wound 
with gauze to allow transfer to a center for hepatic surgery. 
Clearly, the excellent results of Drs. Pachter and Spencer are 
going to be a standard for comparison. 


DR. FRANK C. Spencer (New York, New York): Dr. Pachter's 
modesty makes it difficult to recognize the scientific importance 
of these data. The principal reason that the results are so good is 
that Dr. Pachter was personally present in the operating room for 
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84 of the 85 operations reported. The one operation performed 
when he was out of town was when the hepatic artery was ligated. 
Our results with the 22 massive injuries described (one death and one 
abscess) are so dramatically different from our previous experiences 
that we reported them at this time. The series of course is small, 
so ultimate conclusions wil depend upon future experiences of 
others. 

Regarding ligation of the hepatic artery, we have no data to dis- 
cuss, and can only state that the basic concept seems of dubious 
validity. 

Concerning massive lacerations which involve the vena cava, the 
experiences of others would seem to indicate that the only hope of 
salvage is by quickly opening the chest and inserting an intra- 
caval shunt. To date, this has been necessary in one of the 22 mas- 
sive injuries in this series. The important hypothesis to be evaluated 
with future experiences is that a decision of whether or not to open 
the chest can be made fairly soon after compressing the portal triad. 
Unless hemorrhage is promptly controlled by temporary com- 
pression of the portal triad, the chest should probably be opened. 
The high mortality with intracaval shunts may be partly related to 
delaying opening the chest until a coagulatory has resulted from 
loss of 10-20 units of blood. 

To repeat, the experiences described by Dr. Pachter are so dra- 
matically different from our previous experiences at Bellevue Hospi- 
tal over the past seven to eight years that I personally am convinced 
that they are highly significant. Only time and further data can con- 
firm this. 


DR. H. Leon PacHTER (Closing discussion): We agree with Dr. 
Blaisdell that, certainly, for injuries to the retrohepatic cava that 
are actively bleeding, the Pringle maneuver is not adequate, and an 
intracaval shunt is needed. 

In terms of the injuries that we were dealing with we initially 
used bimanual compression of the liver when we let go, there was 
continued bleeding, and certainly something else needed to be done. 
When I was a junior resident. some of these that initially stopped 
had to be taken back a day or two later for massive bleeding, as 
the clot probably had come off the vessel. 

Dr. Spencer mentioned that hepatic artery ligation was only done 
once, when I was out of town, and that patient died of hepatic 
necrosis and an intrahepatic abscess. Again, I have not performed 
this procedure, and I am not sure of the rationale for it. 

I would like to thank Dr. Eiseman for his kind remarks and also 
agree with the need for an intracaval shunt in retrohepatic caval 
injuries. 

I would like to thank Dr. Walt for his enlightening talk. No, we 
have not used Avitene. I do not think Avitene will control bleeding 
from large vessels, but it may have a role for minor venous oozing 
from the hepatic parenchyma. I also agree about the hepatic artery 
ligation. 

As for drainage. we do drain. I know of Dr. John Perry's results 
with not draining liver injuries, but before 1 stop draining liver in- 
juries, I would like to see the results of a randomized prospective 
study. 

I would also like to thank Dr. Malt for his kind comments and 
agree that hepatic artery ligation may be a trade-off—abscess for 
control of bleeding. Hepatic artery ligation has been shown to be 
safe in the elective situation, but when hepatocytes have sustained 
a significant period of anoxia, and one superimposes hepatic artery 
ligation, there is probably an increased incidence of intrahepatic 
abscess. 

I think the maneuver that Dr. Malt mentioned of rotating the 
liver is a good one, and I am certain that it can temporarily control 
bleeding from the retrohepatic cava or the hepatic veins. 

Again, I would like to stress the importance of resectional de- 
bridement and would also mention that resectional debridement 
should not be misconstrued as a hepatic resection. 


Management of Perforating Colon Trauma 


Randomization Between Primary Closure and Exteriorization 


H. HARLAN STONE, M.D., TIMOTHY C. FABIAN, M.D. 


During a 44 month trial, 268 patients with wounds of the colon 
were entered into a prospective, randomized, nonblinded 
study. Consideration for primary closure demanded that: 
preoperative shock was never profound, blood loss was less 
than 20% of estimated normal volume, no more than two 
intra-abdominal organ systems had been injured, fecal con- 
tamination was minimal, operation was begun within eight 
hours, and wounds of colon and abdominal wall were never 
so destructive as to require resection. Once such criteria 
had been satisfied, colon wound management was dictated 
by last digit in the randomly assigned hospital number; odd 
indicated primary closure; even, exteriorization of the wound 
or primary closure with protection by a proximal vent. Re- 
sults obtained in 139 determinant patients eligible for ran- 
domization revealed that primary closure (67 patients) had 
a lower infection rate of the incision (48% vs 57%, p > 0.05) 
and a still lower infection rate for the abdomen proper (15% 
vs 29%, p < 0.05) on comparison to the 72 patients with a 
randomized colostomy. Morbidity otherwise for the random- 
ized colostomy was tenfold greater than if a primary closure 
had been performed. Average postoperative stay was six 
days longer (p < 0.01) if a colostomy had been created, ex- 
clusive of subsequent hospitalization for colostomy closure; 
while the total extra cost for management of the colon wound 
by colostomy was approximately $2,700.00. Although im- 
mediate mortalities were identical, one late death occurred 
following colostomy closure. These data not only confirm 
the safety of primary closure for colon wounds in selected 
cases, but also indicate that such should become the pre- 
ferred method of treatment whenever specific criteria have 
been met. 


URING RECENT YEARS, there has been increasing 
D interest in primary closure of traumatic perfora- 
tions ofthe colon.? 55:197 28-19-24 Numerous claims have 
been made for both practicality and safety, yet no 
prospectively designed or randomly assigned treatment 
comparison has been published. Almost always the 
wound for primary closure has been a highly selected 
one. Results obtained from suture of relatively minor 
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wounds with minimal contamination, brief delays from 
time of infliction to time of operation, few associated 
injuries, and occurrence in overall good risk patients 
have been contrasted to what follows exteriorization 
of relatively destructive colon wounds that have signif- 
icant contusion and/or massive contamination, undergo 
operative care after a considerable lapse of time, are 
part of multiple organ system trauma, and present in 
relatively poor risk patients. 

Accordingly, it was deemed appropriate to evaluate 
primary closure of colon wounds in a prospective and 
more objectively designed study. Only through ran- 
domization of treatment methods between truly equiv- 
alent groups could a valid assessment be made in regard 
to comparative safety, morbidity, and total medical 
costs. 


Design of Study 


Between ! July 1975 and 28 February 1979, all pa- 
tients admitted to the Trauma and Pediatric surgical 
services at Grady Memorial Hospital became potential 
candidates for studv of colon wound outcome. Manage- 
ment of blunt as well as penetrating abdominal trauma 
came under the direction of a single faculty member, 
although individual patient care was rendered by 32 
different resident teams. 

There was almost uniform adherence to a policy of 
initial energetic fluid resuscitation with 5% glucose in 
lactated Ringer's solution, whole blood and/or blood 
components being administered as the patient's condi- 
tion warranted. Cephalothin (2 g intravenously/4 hours) 
was begun in the emergency clinic and was similarly 
continued at least until laparotomy had been completed 
and the patient had been discharged from the recovery 
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room. Without exception, operation was begun as soon 
as cardiovascular stability had been achieved or, in- 
stead, immediately whenever major intra-abdominal 
vascular trauma was suspected. 

At surgery, after bleeding had been controlled and 
all contaminating gastrointestinal perforations had 
been isolated, wounds of the colon were assessed for 
ability to be randomized and thereby considered for 
primary closure. If any one of seven criteria were met, 
an obligatory colostomy was performed (Table 1). 
These determinant findings reflected the severity of 
blood loss, the extent of colon and associated organ 
injury, degree of fecal contamination, and delay in ob- 
taining surgical correction. If, however, randomization 
could be applied, patients with hospital numbers ending 
in an odd digit had primary closure of their colon wound 
in two layers, i.e., an inner of interrupted chromic 
catgut or polyglycolic acid and an outer layer of inter- 
rupted 4-0 silk. Randomization to colostomy and the 
obligatory colostomy had essentially identical manage- 
ment: either exteriorization of the colon wound as a 
colostomy itself or primary closure of the large bowel 
perforation as described above plus protection by a 
proximal loop colostomy. No matter which treatment 
method was used, an anal sphincter stretch was rou- 
tinely performed just prior to transfer of the patient 
from the operating room. Never before the second, yet 
almost always by the fifth postoperative day, the ex- 
teriorized colon loop was opened with a portable 
cautery, that is, except for the uncommon case of a 
primarily matured end enterostomy when obligatory 
colostomy had been dictated. 

Baseline information was recorded for each of the 
three treatment groups so as to determine equivalency 
according to age, race, sex, mode of injury, preopera- 
tive fluid requirements, delay prior to operation, level 
of colon injured, and any other obvious factor. Results 
were evaluated for specific treatment groups by a 
comparison of raw mortality rates, cause of deaths, 
infection rates for both the peritoneal cavity and the 
surgical incision, complications directly attributable to 
the method of colon wound management, duration of 
hospitalization, major events associated with subse- 
quent colostomy closure (if performed), and overall 
cost of medical care. 


TABLE |. Criteria For Obligatory Colostomy 








. Shock preoperative BP <80/60 

. Hemorrhage intraperitoneal blood loss 71000 ml 

Organs >2 intra-abdominal organ systems injured 
Contamination significant peritoneal soilage by feces 

Time operation begun >8 hours after injury 

. Colon wound so destructive as to require resection 

. Abdominal wall major loss of substance/mesh replacement 
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TABLE 2. Mode of Colon Injury 








Randomized Randomized Obligatory 

Closure Colostomy Colostomy 
Patients 67 Ta 129 
Gunshot 49 53 I 18 
Stab 15 17 5 
Shotgun 2 I 4 
Blunt i | 2 

Results 


After a period of 44 months, 268 patients had been 
enrolled in the study. Of these, 129 required obligatory 
colostomy; while 139 failed to meet such criteria and 
thus could be randomized (Table 2). A primary closure 
was performed in 67, with 72 patients having random- 
ization to colostomy. 

No significant differences were noted in age, race, 
or sex in any of the groups or in mode of injury or 
level of colon involved between the two randomized 
treatment methods (Table 2). Nevertheless, patients 
assigned to an obligatory colostomy had a greater fre- 
quency of injury caused by either a gunshot or shotgun. 

Fluid repletion averaged 207 ml for blood and 1640 
ml for crystalloid, with little variation if randomization 
could be applied; while the same figures were 2245 ml 
and 2970 ml, respectively, for cases with an obligatory 
colostomy. Similarly, the interval from injury to opera- 
tion was 3.96 hours if wound care could be randomized, 
but was 5.25 hours when obligatory colostomy was 
dictated. Such similarities between the randomization 
groups and their consistent differences on comparing 
to the obligatory colostomy group appeared to signify 
the equivalency of the injuries sustained by the former 
two and the greater degree of colon or associated 
trauma and contamination present in the latter. 

Only one death occurred in each of the randomiza- 
tion groups, and neither of these was related to the 
colon wound or its specific management (Table 3). The 
resultant 1% mortality contrasted strikingly with that 
obtained in patients who had more destructive, shock- 


TABLE 3. dmmediate Cause of Death (268 Patients with 
Penetrating Wounds of the Colon) 
Bleeding diathesis 
Renal failure 
Respiratory insufficiency 
Sepsis 
Pulmonary embolism 
Cerebral injury 
Irreversible shock 
Stress ulceration 
Myocardial infarction 
Uncertain 


-- 


ux 





* One patient with randomized colostomy. 
* One patient with randomized closure. 
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TABLE 4. Infection of the Surgical Incision 





—— 





Randomized Randomized Obligatory Total 
Closure Colostomy Colostomy Cases 
Patients 67 72 129 268 
Wound 
infection 32 41 91 164 
infection 
rate 4867 5760 71% 61% 





associated, multiorgan system injuries. The 19 deaths 
in that group gave a mortality rate of 15%, and three 
of these fatalities were due to peritoneal sepsis initiated 
by their colon wound. Other causes of death are listed 
in Table 3. 

Infection of the surgical incision was greater, but 
not significantly so, on statistical analysis, if random- 
ization had selected colostomy, 57%, not primary 
closure, 48% (Table 4). However, infection of the inci- 
sion was even more common if an obligatory colostomy 
had been performed, i.e., 71%. Peritoneal infection, 
on the other hand, was considerably more frequent 
whenever a colostomy had been performed (Table 5). 
A significant difference was noted between those pa- 
tients assigned a randomized primary closure (15%) 
and those with a randomized colostomy (29%, p < 0.05) 
or those with an obligatory colostomy (34%, p < 0.01). 

Development of intraperitoneal sepsis appeared to be 
considerably more common in cases where both an 
abdominal drain had been inserted and the colon wound 
had been managed by some form of colostomy (Fig. 1). 
Differences in peritoneal infection rate between primary 
closure and randomized colostomy (p < 0.001) or ob- 
ligatory colostomy (p < 0.01) were dramatic if a peri- 
toneal drain had been used. The same Statistically sig- 
nificant differences were not found on reanalysis of 
infection rates for the surgical incision, even though 
presence of a drain uniformly was associated with a 
greater likelihood of infection developing in the wound 
(Fig. 2). 

Complications of colon wound management were re- 
lated to permanence of bowel repair and problems that 
could be directly attributed to the colostomy itself 
(Table 6). The only complication of primary repair was 
a minor fecal fistula which healed spontaneously after 


TABLE $. Infection Within the Peritoneal Cavity 


Randomized Randomized Obligatory Total 
Closure Colostomy Colostomy Cases 
Patients 67 72 129 268 
Peritoneal 
infection 10 21 44 78 
Infection 
rate 159€ 29% 34% 28% 
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Fic. 1. Incidence of intraperitoneal infection with respect to 
presence of a colostomy and/or abdominal drain. 


three weeks of attentive wound care. Following ran- 
domized colostomy, a similar relatively innocuous fecal 
fistula developed, but there were in addition eight other 
specific complications of the colostomy that occurred 
in six of the patients. Such morbidity due solely to 
colon wound management was 10% (Table 6). A colos- 
tomy morbidity of 28% was noted in those patients 
managed by an obligatory colostomy. Thus, no matter 
what the indication for colostomy, a significantly 
greater complication rate ensued when compared to 
results obtained from primary closure of the colon 
wound (p < 0.01). 

Hospitalization was consistently prolonged by use 
of a colostomy. On comparison of randomized treat- 
ment groups, primary closure resulted in a 16.6 day 
hospital stay, while randomized colostomy required 
a total of 22.3 days (p < 0.01). A hospitalization of 
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Fic. 2. Incidence of infection of the surgical incision with respect 
to presence of a colostomy and/or abdominal drain. 
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28.9 days was noted in patients with an obligatory 
colostomy, although such an extended stay was almost 
always the product of massive local trauma and multiple 
organ system involvement. 

The colostomy was closed during a later hospital 
admission in 153 patients. Of the 72 who had a ran- 
domized colostomy, 62 have had such closed. The 
average duration of this second hospitalization was 11 
days for a randomized colostomy, 12.2 days if the 
colostomy had been prescribed by one of the seven 
criteria. Unfortunately, one patient died of a pulmonary 
embolus following closure of his randomly assigned 
colostomy. 

Tabulation of average expenditures revealed that an 
extra $2,695.00 was spent for hospital care if the pa- 
tient had been randomized to colostomy instead of 
primary closure of the colon wound (Table 7). Included 
in this financial assessment were prolonged initial hos- 
pitalization, colostomy appliances, second hospitaliza- 
tion, preoperative work up and colon preparation, and 
fees attendant to the colostomy closure itself. 


Discussion 


The first documentation of a perforating wound of 
the colon is found in the Book of Judges.? The eventual 
outcome in this case, i.e., death, was the same as what 
was almost uniformly noted during the many centuries 
to follow." Although Lembert in 1827 was the first 
to record the successful closure of a small bowel 
perforation,? repair of colon wounds consistently failed 
up until the time of World War 1.**'* Even elective 
operations on the colon were attended by significant 
mortalities due to wound and intraperitoneal sepsis, 
as well as disruption of the bowel suture line.?:? 16:17 
Closed techniques for bowel anastomosis, exterioriza- 
tion of the site selected for re-establishing bowel con- 
tinuity with a special clamp (e.g.. Mickulicz, Rankin, 
etc.), and protection of such suture lines by creation 


TABLE 6. Complications of the Colon Wound and 
its Specific Management 


Randomized Randomized Obligatory 
Closure Colostomy Colostomy 
Total patients 67 72 129 
Fecal fistula l l 7 
Colostomy necrosis — | 3 
Colostomy retraction — 2 5 
Colostomy prolapse — | 3 
Peristomal infection — 3 11 
Stenosis of stoma — | 3 
Peristomal hernia — — 2 
Total complications I 9 34 
Patients with 
complications I 7 28 
Incidence of colon 
complications ] cc 10% 22% 
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TaBLE 7. Additional Hospital Costs (Per Patient with a 
Randomized Colostomy) 
Prolongation of initial hospitalization (5.7 days) $ 456.00 
Colostomy appliances, etc. $ 123.00 
Additional outpatient visits (4) $ 24.00 
second hospitalization for colostomy closure (11.0 
days) $ 880.00 
Preoperative workup (barium enema, etc.) $ 97.00 
Bowel preparation (medications, etc.) $ 31.00 
Miscellaneous laboratory and medication charges $ 136.00 
Operating room and recovery room charges $ 125.00 
Anesthetic fees and supplies $ 163.00 
Surgical fee $ 660.00 
Total extra expense per patient $2,695.00 





of a proximal colostomy were among the many and 
varied surgical maneuvers developed to deal with this 
problem.?:13.16.17 

During the first World War, an occasional soldier 
survived following the primary repair of his colon 
perforation.??! No significant improvement in this high 
mortality was obtained, however, until the time of 
World War ll, when exteriorization of colon wounds 
was almost routine and antibiotics became available 


for control of the ever-present complicating intraperi- 


toneal sepsis.' Obligatory exteriorization of the colon 
wound was first suggested by Ogilvie!" and soon be- 
came uniform practice in both the British and American 
armies during the North African Campaign of 1942.157 
The resultant mortalities for such abdominal trauma fell 
to less than 30%. Continued application of these princi- 
ples, plus rapid evacuation and thus earlier operation, 
immediate availability of blood for transfusion, more 
definitive management of major vascular trauma, anti- 
biotics, and better overall supportive care for the battle 
casualty decreased the mortality further, down to 10%, 
during the Korean and Vietnam conflicts.” 

Beginning in the early 1950's, few reports of success 
in carrying out primary closure of selected colon 
wounds began to appear in the surgical literature.?*5- 
/0712,741921 The only comparative studies, however, 
were those contrasting the results obtained from 
primary closure of relatively minor, minimally con- 
taminated, usually isolated traumatic colon perfora- 
tions with the outcome following exteriorization of 
destructive, massively contaminated, often neglected 
large bowel wounds in the shocked, multiple trauma 
patient, ?-15:10712.15.7224 Uniformly, primary closure ap- 
peared more and more attractive. A notable excep- 
tion was the prospective, randomized comparison of 
colon wound exteriorization versus primary closure 
of the perforation with protection by a proximal 
loop colostomy.” Morbidity and mortality statistics 
were essentially equal between the two treatment 
groups in this study. 
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Application of a technique using delayed primary 
wound closure, not just for the surgical incision but 
also for the colon perforation, was given a trial by 
several investigators.'*?*?? Although continuation of 
bowel exteriorization could be avoided in more than 
half of the cases, a relatively large number of wounds 
were not conducive to such management and, even 
when criteria for selection were met, considerably 
demanding local wound care was generally required. 
Accordingly, this method has achieved popularity in 
only a few trauma centers. 

The question still remains, however, is routine 
colostomy ever necessary? Why cannot primary colon 
repair be practiced in the majority of cases? Trau- 
matic perforations of the small bowel have almost 
uniformly been repaired by primary closure or pri- 
mary resection, while a colon wound in the same 
patient has been religiously exteriorized or its closure 
protected by a proximal colostomy. Certainly the 
degree of fecal contamination of the peritoneal 
cavity is identical if both occur in the same patient. 
Prior animal experiments have demonstrated that there 
is absolutely no difference in healing capacity between 
the large and small bowel." Both have almost 
identical leak rates. The only real variable, then, 
appears to be what is contained within the intestindl 
lumen proper. 

Unobstructed small bowel contents are relatively 
sterile when contrasted to the high density mixed- 
bacterial flora contained in feces.?! Thus, any suture 
line failure will lead to continued peritoneal soilage 
by major pathogens whenever colon contents escape, 
yet the additional bacterial challenge is minimal in 
cases with a small bowel leak. Colostomy thereby 
appears to be always warranted if there is any 
doubt that a primary colon repair will disrupt, for 
consequences of a subsequent and persisting fecal 
spill into the peritoneal cavity are indeed life- 
threatening. 

Possibly more attention should be directed toward 
the present state of the bowel itself. Significantly 
inflammed tissues, advanced infection with anaerobe 
participation, distal obstruction, presence of a local 
foreign body, abnormal tissues as a result of tumor or 
irradiation, and an impaired blood supply can in- 
dividually prevent wound healing. Under any one of 
these separate circumstances, the bowel should be 
routinely exteriorized or the repair protected by a 
proximal enterostomy, irrespective as to whether the 
perforation involves the small intestine or colon. 
The same factors are similarly operative. 

Results from the present prospective, randomized 
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study of truly equivalent patient groups support the 
practicality of selective primary closure of traumatic 
colon perforations. The method is equally safe, 
carries a lower morbidity, has a reduced infection 
rate (especially of the peritoneal cavity when con- 
comitant drainage is necessary), requires a shorter 
duration of hospitalization exclusive of the obviated 
readmission for colostomy closure (with its 28% mor- 
bidity), avoids the unpleasant experience with a 
colostomy, permits an earlier return to normal ac- 
tivities, and is considerably less costly in overall 
medical expenditure. 
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DISCUSSION 


Dr. JOHN L. Sawyers (Nashville, Tennessee): Dr. Stone is known 
for his prospective, randomized studies, and he certainly has not 
failed us today. We are indebted to him for performing a prospective, 
randomized study on injuries to the colon, comparing closure with 
exteriorization of the colon. He has had an enormous experience 
with injuries to the colon in a relatively short period of time. He 
has carefully defined the criteria that must be established to consider 
a patient for primary closure of a colonic injury, and he has certainly 
demonstrated that in these patients primary closure can be performed 
safely and with lower morbidity than exteriorization. 

We have also studied different methods of managing injuries to 
the colon in civilians, comparing primary closure with colostomy. 
and also with a third method, exteriorized primary repair. Our knife 
and gun club is smaller than that in Atlanta, so we have a smaller 
number of patients than Dr. Stone, but we also found that 50% 
of our patients can have primary closure of the injured colon per- 
formed safely and effectively. Dr. Stone found a similar percentage. 

In fact, in a report from the Tulane service in New Orleans a 
few years ago, and in a recent report from Jacksonville, Florida, 
exactly 50% of the civilians with injuries to the colon had a primary 
repair. This is an amazingly consistent percentage in Southern cities. 

Exteriorized primary repair is a method that can be applied to 
some of the patients in the other half of that group. I would like 
to show you a slide about this method, which is not new; it was 
described by Mason in 1945. 

(slide) These are the results in patients who had exteriorized 
primary repair and show our first 23 patients. Eighteen of these 
patients had an uneventful recovery, with interiorization of the 
primary repaired colon in six to ten days. Only three patients had 
major complications, with no deaths. Five patients had to have the 
loop opened as a colostomy, in three because the wound broke 
down, and in two because in our early experience we had exteriorized 
the colon too tightly over the glass rod. 

(slide) If the exteriorized repaired colon remains intact, it can be 
put back into the peritoneal cavity in seven to ten days. Ifthe repaired 
colon breaks down, then a formal colostomy can be done. We believe 
this method can be applied to the treatment of some of the patients 
about whom the surgeon is concerned about primary closure. This 
method of exteriorized primary repair offers a safe alternative to 
colostomy. 


DR. FRANCIS C. NANCE (New Orleans, Louisiana): Dr. Stone has 
contributed greatly to the dialogue on the proper treatment of colon 
injuries. (slide) In a prospective way he has confirmed data that have 
been repetitively reported, not only from Charity Hospital, but from 
many other institutions: the complication rate among patients treated 
without colostomy, with primary repair, is lower. 

(slide) The hospital stay is shorter, not even considering the re- 
admission for colostomy closure. (slide) Even the mortality is lower 
among those patients. 

All of the previous studies suffer from the defect of not being 
prospective and randomized studies. Dr. Stone's study does help to 
identify those patients who can be treated safely by primary suture. 

This problem of using colostomy for colon injury started with 
Ogilvie in the Western Desert. If you read Ogilvie's report, the 
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mortality for those patients who had primary suture was, in fact, 
lower than for the patients who had colostomy. That same observa- 
tion can be made about the data collected by the United States Army 
in World War II, but surgeons came back from World War II 
enthusiastically using colostomy for all colon injuries. Dr. Alton 
Ochsner was the first to point out that the enthusiasm had gone too 
far. 

We can all be grateful to Harlan Stone for finally showing that there 
is a group of patients who can be managed safely by suture. 

I have some questions I would like to ask Dr. Stone. First, I would 
like to quibble a little bit with his technique of randomization. Using 
an odd and even number system allows the surgeon to decide in 
advance whether or not he will enter the patient in the study, because 
he will know what the randomization procedure will be; that can be 
used as a criticism. 

I wonder why Dr. Stone did not break right and left colon injuries 
apart. Some people feel there is a difference, and I wonder if he would 
address that issue. 

I would like to know specifically what Dr. Stone's skin wound 
management was. The incidence of infection here is high, as it is in all 
services, and I wonder how the skin wound was managed. 

Finally, I would like Dr. Stone to speculate on what the results of a 
randomized study of this excluded group of patients would have 
been. Would there have been the same difference in mortality and 
morbidity among those patients if all patients had been entered into 
the study? 


Dr. RoBERT J. FREEARK (Maywood, Illinois): Our experience is 
somewhat in conflict with those reported today. These differences 
may reflect a special population which was certainly not randomized 
on the basis of the favorable circumstances reported by the authors. 
I would like to comment in regard to the treatment of the nonran- 
domized group. 

(slide) I apologize for submitting old data, but I think the oppor- 
tunity to learn from such cases will never again occur. This is in 
an era, 1965 to 1970, in a rather large series at the Cook County 
Hospital, in which the average time interval from injury to the colon 
to arrival in the operating room was something over five hours. 
Virtually none of these patients received any preoperative antibiotics. 

The study involves 415 patients with injuries to the colon, two- 
thirds of whom sustained gunshot wounds. Taking out those who 
died in the first 24 hours, in which the management of the colon 
wound could not really be evaluated, and eliminating those with 
injuries below the peritoneal reflection, in which there is general 
agreement in regard to management, we ended up with (slide) this 
group of 391 patients. Relative to the various areas of the colon, 
55% of the 93 injuries to the right colon were repaired and dropped 
back with only the addition of intraabdominal drains. The other 
45% had some form of exteriorization, either a proximal colostomy, 
exteriorization, or repair with a proximal colostomy. 

Similar percentages in the other areas of the colon are shown. 
The relatively low percentage (25%) of primary repairs in the trans- 
verse colon is a reflection of the high incidence of associated injuries 
that go with a gunshot wound through the transverse colon. Such 
wounds result from missiles that frequently injure the duodenum and 
pancreas, and the resident staff who operated upon these patients 
was quite clearly interested in getting those colons out of the ab- 
domen and not "'chancing" a primary repair. 
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You will notice that the resident staff did not really believe there 
was any great difference between right and left colon, dropping 
back approximately 50% on both sides. The total percentage of pri- 
mary repairs for all segments was 40%. 

When we looked at these two groups of patients. those who 
had primary repair and those who had a staged procedure, thre 
was not any significant difference in most of the customary measure- 
ments. There was not any real difference in the mortalities, and 
I think mortality rate is not a valid criterion. These patients do not 
really die of the colon wound under most circumstances; they die 
of the other injuries. 

Even if you looked at infection rates and the like, the only real 
difference between these two groups (slide) was in the incidence 
of intra-abdominal abscess formation. (Incidentally, we left all sub- 
cutaneous wounds open, so wound infection should not be a signif- 
icant problem in either group.) Much to our surprise, in the 
patients that had primary repair, so-called definitive surgery. whether 
you were talking about the right, transverse, or left colon, the inci- 
dence of intra-abdominal abscesses was in the range of 20%, almost 
three times the rate of intra-abdominal abscess formation in those 
that had some form of exteriorization or colostomy. 

When you consider that this group of primary repairs was, pre- 
sumably, a much more favorable group — the resident saw fit to drop 
it back — this incredibly high incidence of abscess formation makes 
the case that, in the patient who has had a five to six hour time 
interval, since injury, and the groups were not randomized in this 
current report, when in doubt, pull it out. 

I enjoyed this paper very much. And I have one question for 
Dr. Stone. I share Dr. Nance's concerns about the wound infection 
rate, which struck me as being awfully high, and it suggests to me 
that they have not learned the lesson of leaving these wounds open. 
| wanted to ask about your conclusions in regard to drainage. 1 
believe on the basis of our studies that the addition of a drain into 
the abdomen of a patient with intraperitoneal injuries probably in- 
creases the likelihood of intra-abdominal abscess formation. In our 
group in which primary repair was undertaken and a drain inserted 
"just in case it leaks," the drain may be the principal factor in 
the high incidence of intra-abdominal abscess formation. 


DR. OWEN H. WANGENSTEEN (Minneapolis, Minnesota): A year 
ago I read a small monograph of Frederick Fox Cartwright, well- 
known anesthesiologist at King's College Hospital, on Development 
of Modern Surgery. Therein he related that a Vera Gedroitz, a famous 
Russian and affluent princess, was the first to operate successfully 
in the Russo-Japanese War of 1904 for abdominal gunshot injuries. 
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I contacted Dr. Cartwright, but he could add no information, so 
| took the matter up with Dr. Boris Petrovsky, the distinguished 
Minister of Health in Moscow. After a long interval, Boris wrote 
me he had looked into the record, and noted that Vera Gedroitz 
had operated upon 183 patients, many successfully. He could not 
provide accurate factual data; the recital does give a new view of 
the origins of military surgery in wounds of the abdomen in warfare. 

We know that P. Lockhart Mummery, of London, was advising 
non-operative treatment during the first years (November 1914) of 
World War I, that Drs, Eugen Enderlen and Ferdinand Sauerbruch 
in July 1915 urged operating, and in a controlled study, the mortality 
in the group not operated upon was 94%, and in the group that 
was operated upon 44.4%, demonstrating that when such wounds 
were treated conservatively only 6% of the patients survived; of 
those operated upon reasonably early, 44.4% recovered. 

Historically, therefore, it is important to note that a Russian 
princess engaged ambulances, took them to the front, brought pa- 
tients back quickly to the hospital, and operated quite successfully 
in 1904, when it was not the vogue to do it. 


Dr. H. HARLAN STONE (Closing discussion): Dr. Sawyer's patients 
have had a success when a primary repair of the colon is exteriorized 
and subsequently returned because of the extra care given by the 
house staff as well as the nursing staff. Such is not always available 
in most city - county hospitals. 

Dr. Nance was extremely benign with his comments. I was ex- 
pecting a few more striking differences, but | find that we almost 
entirely agree. However, 1 do not think that I could bring myself 
to close all colon wounds primarily. I have not been impressed 
by any differences between the right and left colon with respect 
to healing capacity, just in the amount of feces that spill into the 
abdomen. In addition, those of the night colon are frequently as- 
sociated with liver injuries and a bloody ooze thereafter. 

We use Neosporin* aerosol spray in the incision and carry out 
a primary closure. A delayed closure has seldom been successful 
if a colostomy is present, because of an overflow of feces into the 
wound. 

Dr. Freeark, 1 noticed that your review was retrospective, not 
randomized, and that patients were not given antibiotics until as late 
as five hours after injury. Those data are not comparable with our 
experience, as our patients receive antibiotics on entry to the 
emergency room after a rapid evacuation by ambulance. 

With respect to the use of drains, we do not drain anything that 
we do not want to disrupt and subsequently to efflux to the outside; 
by this, I especially refer to suture lines, that is, unless we want 
that suture line to fail. 





Reparative Cardiac Surgery in Infants and Small Children 


Five Years Experience with Profound Hypothermia and Circulatory Arrest 


HARVEY W. BENDER, JR., M.D., R. DARRYL FISHER, M.D., WILLIAM E. WALKER, M.D., THOMAS P. GRAHAM. M.D. 


A five year experience of profound hypothermia and cir- 
culatory arrest in the operative management of severe con- 
genital heart disease in 128 infants and children weighing 10 
kg or less is reviewed. Hospital mortality was 13% for the 
entire series — 846 in the last two years. Mortality varied with 
the defect present rather than with the age at operation, and 
appeared to decline over the five years. There was no morbidity 
associated particularly with this technique, and no evidence 
of permanent neurologic nor intellectual impairment. Total 
arrest time averaged 55 minutes, was related significantly to 
the defect being repaired, but was not related to hospital 
mortality. The results support the idea of definitive early 
cardiac repair for severely symptomatic infants and young 
children, rather than surgical palliation. The hypothermic 
arrest technique is attractive since it allows optimal operat- 
ing conditions, thus permitting an accurate repair and the 
consequent improvement in surgical results. 


EVERELY SYMPTOMATIC INFANTS and young chil- 
dren with congenital heart disease continue to 
pose a serious challenge for cardiologist and surgeon 
alike. Despite advances in diagnostic skills, surgical 
techniques, anesthesia, and perfusion technology, 
there is still a lack of uniformity in the management 
of these small patients. At the end of the first decade 
of open heart surgery, it was clear that in many 
congenital defects the standard methods were not well 
suited to optimal repair, contributing thereby to a high 
operative and postoperative mortality 3:59 
Because of the high risk of repair in these infants, 
palliative procedures such as systemic - pulmonary ar- 
tery shunts for severe cyanosis and pulmonary 
artery banding for severe heart failure due to left to 
right shunting at the ventricular level became the 
conventional mode of therapy.'*-'65 While this repre- 
sented a temporary improvement in survival, the risk 
of multiple operative procedures, endocarditis, and 
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paradoxical embolism was still high. In the late 1960's 
profound hypothermia and circulatory arrest were 
introduced as an alternative to standard cardiopul- 
monary bypass for the definitive management of in- 
fants with complicated congenital heart disease.?:19:? 
In the succeeding years there appeared an increasing 
number of reports urging earlier complete repair in 
infants and small children using this technique with 
decreasing morbidity and mortality.7:!*:2e 

Over the past seven years we have used the hypo- 
thermic arrest technique to facilitate operative man- 
agement. Our early results with this technique have 
been reported previously.? This report details our 
experience with 128 procedures over the five year pe- 
riod 1974—1978. The results have convinced us that 
this method allows accurate cardiac repair at an early 
age without undue mortality or morbidity, thereby 
obviating the need for palliative surgery in most 
infants, and permitting the children to develop free of 
the physiological disadvantages of their heart disease. 


Technique 


All patients weighing 10 kg or less requiring open 
cardiac repair are considered candidates. The age range 
in this series was 12 hours to 312 years, with 35 (27%) 
being less than two months of age, and 102 (80%) 
being less than one year of age. Cardiac failure is 
controlled preoperatively, if possible, and time allowed 
for the patient to recover from catheterization in 
most instances. Balloon septostomy is performed 
where indicated to improve mixing, and prosta- 
glandin E-1 infusion used to maintain ductal patency 
when necessary. 
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Fic. 1. Typical graph of 
nasopharyngeal tempera- 
ture during time in the 
operating room of a two 
month old child undergoing 
the Senning procedure for 
transposition of the great 
arteries. The ordinate is 
temperature, degrees Cen- 
tigrade, the abscissa num- 
ber of hours since arrival 
in the operating room. 
"Preparation ` refers to an- 
esthesia induction and in- 
sertion of monitoring cath- 
eters etc.; "ice" is the 
period of surface cooling: 
"opening" indicates the 
time of prepping, draping, 
sternotomy, and insertion 
of cannulae; "cool" is time 
spent on core cooling with 
X cardiopulmonary bypass: 
"arrest" is the time of ac- 
tual cardiac repair with cir- 
culatory standstill; "warm" 
is rewarming on the pump, 
and "off-closing is wean- 
ing from bypass, removing 
WARM OFF -CLOSING the cannulae, and closing 
3 MUT os the chest. 
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TIME IN OPERATING ROOM (HOURS) 


ECG monitoring is begun on arrival in the operating 
room, and anesthesia induced by inhalation of halo- 
thane, nitrous oxide, and oxygen. When the patient 
is still, an intravenous line is started, he is paralyzed, 
and the trachea intubated. Arterial and central venous 
lines are inserted, and a small catheter placed in the 
bladder. Temperature probes are situated in the naso- 
pharynx, esophagus, and rectum, although we gen- 
erally consider the nasopharyngeal temperature to 
be most representative. The patient is surrounded 
by plastic bags filled with ice, protecting the ears, 
extremities, and genitals from the cold. Low molec- 
ular weight dextran, 10 cc/kg body weight, Is given 
intravenously, and occasionally atropine if brady- 
cardia occurs. When the temperature reaches 30° the 
ice is removed, the patient is prepped and draped in 
the usual manner, and sternotomy performed. Heparin 
100 units/kg is given, the ascending aorta and right 
atrium cannulated, and cardiopulmonary bypass in- 
stituted. Fresh blood is added to the pump prime to 
give an estimated hematocrit of 3076 on bypass, and 
the resultant prime buffered with sodium bicarbonate 
before bypass is begun. The patient is cooled to 18? 
using the pump heat exchanger, and during this time a 
patent ductus can be ligated, previous shunts con- 
trolled, and other preliminary dissection carried out 
as necessary. Intermittent ventilation is maintained 
until the patent ductus or shunt is occluded. Blood 


gases are rechecked before the institution of circula- 
tory arrest, and further buffering carried out as 
necessary. The aorta is cross-clamped, blood drained 
into the reservoir. the aortic line disconnected, and 
the venous cannula removed. The repair is performed 
with blood circulating in the pump oxygenator, at a 
temperature 10^ warmer than the patient, to prevent 
the formation of bubbles and microaggregates. When 
the repair is complete, the aortic line is reattached, 
the drained volume returned to the patient, air vented 
from all cardiac chambers, and the cross-clamp 
removed. After replacing the right atrial cannula, 
cardiopulmonary bypass is restarted, and the patient 
warmed to 37°. Care is taken to keep the perfusate 
temperature no more than 10° warmer than the pa- 
tient, and no higher than 41°. In patients under- 
going repair of transposition of the great arteries, the 
venous cannula is returned to what is now the pul- 
monary venous atrium, and left heart bypass used for 
rewarming. 

After satisfactory separation from bypass, the lines 
are removed and protamine 3 mg/kg given slowly. 
Fresh frozen plasma is given in a volume dependent 
on the child’s size, unless the procedure has been 
unusually brief, and the wound is dry. Meticulous 
hemostasis is pursued, and the chest closed with drain- 
age in the usual fashion. 

Figure 1 shows the typical time-course of naso- 
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TABLE 1. Profound Hypothermia and Circulatory Arrest 
(Vanderbilt University 1974-1978) 
Sletten PRECOR INUNCOONOR ERN EN 
Hospital 
Mortality 
Number (Per Cent) 
meom — —HÓ et 


Transposition of great arteries 


simple 30 7 

complex li 9 
Ventricular septal defect 29 0 
Total anomalous pulmonary venous 

connection 17 18 
Tetralogy/DORV/pulmonary atresia 15 13 
Atrioventricularis communis 12 25 
Miscellaneous 14 43 
Total 128 13 


pharyngeal temperature during the patient’s stay in the 
operating room. Surface cooling, core cooling, and re- 
warming each generally last between 15 and 25 minutes 
depending on the size and configuration of the child. 
No attempt is made to keep the child warm during 
preparation and induction of anesthesia. After bypass 
is terminated the temperature may drift downwards 
again, but this is usually not a problem. The child 
lies on a warming blanket, and the operating room 
may be warmed rapidly if the chest must remain open 
unusually long or ifinadvertent hypothermia threatens. 

Postoperative care centers on careful attention to 
respiratory support and the maintenance of clear air- 
ways and expanded lungs, adequate blood volume 
replacement, and a low threshold for beginning ino- 
tropic or chronotropic support of the heart. Like any 
other infant, these children are susceptible to the 
metabolic derangements of the newborn, and a careful 
watch is kept for incipient hypoglycemia or hypo- 
calcemia. The child is extubated as quickly as is 
appropriate, begins feeding shortly thereafter, and 
generally returns to his preoperative environment 
as soon as possible. 


Results 


The numbers of the various anomalies repaired, 
and their respective hospital mortalities, for the 128 
patients are shown in Table 1. Overall mortality was 
13%. The miscellaneous group is detailed in Table 2, 
with only persistent truncus arteriosus and aortic 
stenosis being represented by more than one patient. 


TABLE 2. Miscellaneous Lesions 


Persistent truncus arteriosus 
Aortic stenosis 

Tricuspid atresia 

Venous obstruction postmustard 
Aortopulmonary window 
TGA/TAPVR/AVC 
VSD/nterrupted arch 
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TABLE 3. Hospital Mortality by Year of Operation 
KE EROR VR Tp PEN 


Mortality 





Year Number (Per Cent) 
1974 li 27 
1975 12 25 
1976 16 25 
1977 4] 7 
1978 48 8 

Total 128 13 





As shown in Table 3, hospital mortality declined 
significantly during the five years of the study as 
the numbers of patients increased. The mortality was 
26% in 39 patients repaired during the first three 
years, and 8% in 89 patients repaired during the last 
two years. 

Mortality according to age at the time of operation 
is shown in Table 4. The overall mortality of 14% in 
the first year of life was evenly distributed, includ- 
ing 35 patients (27% of the series) repaired in. the 
first two months of life. Twenty-six patients (20% of the 
series) underwent surgery after the first year of life, 
and in them the hospital mortality was 8%. 

Hypothermic arrest time averaged 55 minutes ?or the 
entire group, with a range of 22-105 minutes. Arrest 
time varied significantly according to the anomaly 
present, and the averages for each anomaiy are 
shown in Table 5. Arrest times averaged 41 minutes 
for patients with ventricular septal defect and the group 
with miscellaneous lesions, slightly more for those with 
“tetralogy type"' defects or total anomalous pulmonary 
venous connection, and just over 70 minutes for 
those with transposition of the great arteries or atrio- 
ventricularis communis. Hospital mortality was not 
associated with a long arrest period, as shown in 
Figure 2. In fact the mortality was 10% in 31 pa- 
tients arrested over 65 minutes, compared to 16% in 
97 patients arrested for shorter periods. 

Table 6 outlines our experience with repair of 
transposition of the great arteries—the one lesion for 
which there has been a major revision of operative 
technique during the period of the study. The 1! 
children having the Senning operation during 1978 
underwent repair at an earlier age than those having 
the Mustard repair in previous years, and without 
hospital mortality. 


TABLE 4. Hospital Mortality by Age at Operation 


Mortality 

Age Number (Per Cent) 
0—2 months 35 já 
3-6 months 31 Is 
7—12 months 36 14 
Over | year 26 8 
Total 128 13 
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TABLE 5. Arrest Times According to Malformation 














Defect Arrest Time 
Transposition 71+ 2 min 
VSD 41 + 2 min 
Tetralogy 46 + S min 
AVE 72 * S min 
TAPVR 52 + 2 min 
Miscellaneous 4l + 4 min 
Total 355 + 3 min 

(Range 22~105 min) 





Arrest times are shown as mean + standard error of the estimate. 


Morbidity was low in this group of patients. Cardiac 
function was good following satisfactory repair, and 
the children separated from cardiopulmonary bypass 
without undue difficulty. Pulmonary function was gen- 
erally as would be predicted, with some children 
requiring prolonged ventilation following preopera- 
tive pulmonary vascular congestion, but the majority of 
patients were extubated satisfactorily within 24 hours. 
Hepatic and gastrointestinal function was preserved 
and these children normally took feedings within 48 
hours of surgery. Occasional oliguria and azotemia 
were seen, particularly in sick neonates, and par- 
ticularly with total anomalous pulmonary venous 
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return, but this never persisted as an isolated prob- 
lem when the child was doing well otherwise. 

Postoperative bleeding and coagulopathy were not a 
serious problem. Five patients (496) were returned to 
the operating room because of bleeding. It is our 
impression that the actual volume of blood lost in 
the postoperative period has declined during the five 
years of this experience, and attribute this to de- 
creased heparin usage, increased protamine dosage, 
and careful attention to hemostasis intraoperatively. 

Temporary seizure activity in the days immediately 
following surgery was prominent early in the series 
but may have been due to unrecognized hypo- 
glycemia or hypocalcemia. Over the past few years it 
has been very rare. In no patient did the seizures per- 
sist, and no patient is on long-term anticonvulsant 
therapy. No other neurologic complication was recog- 
nized with the exception of one child at the upper 
ends of the scales of weight and age, who had a long 
arrest time followed by a long period of unconscious- 
ness and a very slow recovery over a period of 
several weeks. He now shows normal developmental 
parameters fifteen months postoperatively. 

While no specific psychological testing has been 
applied to this series, we are unaware of any 
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Fic. 2. Numbers of patients 
surviving and dying ac- 
cording to arrest time. Ar- 
rest times are rounded to 
the nearest multiple of 10 
minutes. Figures within the 
clear boxes indicate num- 
bers of survivors, and fig- 
ures above the shaded 
boxes indicate numbers of 
deaths. 
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TABLE 6. Transposition of the Great Arteries 
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Hospital 
Mortality 
Technique Year Number Average Age Median Age Arrest Time (Per Cent) 
eh a a a eg a a a aa M Pl EE 
Mustard 1974—1977 30 12 + i months 10 months 73 x 2 min 10 
Senning 1978 li 6 + | months 5 months 65 + 3 min 0 
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Average age and arrest time are shown as mean + standard error of the estimate. 


developmental abnormality as reported by parent, 
general pediatrician, or cardiologist. 


Discussion 


It is difficult if not impossible to compare the 
results of various surgical techniques in neonates and 
young children with congenital heart disease because of 
patient selection and possible failure to review the 
entire hospital population of a given disease. We 
believe, however, that these results support the con- 
tention of others!^?"?* who now advocate definitive 
repair of congenital cardiac anomalies at an early age 
rather than temporizing palliative procedures. Repara- 
tive surgery is normally mandatory for neonates 
with total anomalous pulmonary venous connection, 
but there are still those who advocate palliation for 
many other defects. Clearly some patients with these 
anomalies can survive to be several years of age with 
or without surgical palliation, but we believe reports 
of good results of surgery in older children with these 
defects may represent a selected population of whom 
some have died in infancy without being exposed to 
the benefits of surgical treatment. 

The major benefit of the hypothermic arrest tech- 
nique is that it allows accurate repair in a bloodless, 
motionless operative field unencumbered by venous 
cannulae, especially valuable in the very small heart. 
This is particularly applicable to the transatrial repair 
of the transposition complexes, atrioventricularis com- 
munis, ventricular septal defect, and total anomalous 
pulmonary venous connection. Good results of the 
technique are predicated on an accurate preoperative 
diagnosis and an unhurried, careful repair of the heart, 
protecting the myocardium, and avoiding damage to 
essential structures such as valves and conduction 
tissue. Our philosophy is that if the diagnosis is 
correct, and the operation carried out carefully enough, 
the patient should do well regardless of age. 

The risk of cerebral damage during hypothermic ar- 
rest is clearly worrisome, and is at the present time 
the only potential drawback of the technique. The 
recent report of Wright et al. suggests that the 
risk of intellectual impairment may be real, but other 


authors?! ?? have described a normal spectrum of in- 
telligence on careful follow-up of their patients. We 
have not noted any developmental abnormality, either 
mental or physical, in our patients, with the single 
exception of the child described above, who appears 
to be recovering completely. There have also been 
reports of isolated instances of neurologic rather 
than intellectual impairment using the hypothermic 
arrest technique, but we have not seen choreoathetoid 
movements, discoordination, nor prolonged seizure ac- 
tivity in this series. It will be important for all groups 
using the technique to review their own long-term 
results, as it is possible that minor variations in 
operative management may explain the apparently 
disparate results of neuropsychiatric follow-up. Even 
if there is some risk of reduction in cerebral func- 
uon following hypothermic arrest, the balance may still 
favor the method because of increased survival, espe- 
cially in particularly challenging defects in neonates. 

The improvement in hospital survival over the 
period of the study suggests that experience does 
indeed increase survival, but even initially there 
was no undue mortality nor morbidity when the 
severity of the defect is considered. This improve- 
ment is partially explained by the inclusion of more 
patients with less serious defects, such as a one year old 
child with uncomplicated ventricular septal defect, 
as confidence tn the technique was gained. Early in 
the study period such an infant might have been 
handled with conventional perfusion methods. In- 
creased familiarity with the technique has in fact en- 
couraged us to repair more serious defects in in- 
fancy, and allowed the increased use of such tech- 
niques as transatrial repair of ventricular septal 
defect, which may be difficult in very small chil- 
dren with standard methods of perfusion. 

Clearly prognosis depends on the anatomic situa- 
tion present in the child regardless of whether hypo- 
thermic arrest or conventional perfusion is used. For 
instance, in "tetralogy type" defects the chance of 
survival depends on the characteristics of the outflow 
tract and pulmonary arteries. Patients with severe 
valvular defects and complicated supravalvular de- 
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fects, such as persistent truncus arteriosus, will still 
have an increased mortality, and those with ‘‘un- 
correctable" lesions such as the hypoplastic left 
heart syndromes will still have a bad prognosis, 
regardless of perfusion technique. We believe, how- 
ever, that when allowance is made for the gravity of 
the procedures undertaken, the results obtainable with 
the hypothermic arrest technique will compare favor- 
ably with the current results attained using standard 
cardiopulmonary bypass in neonates.!® 

There are some lesions for which the hypothermic 
arrest technique is not particularly helpful, an example 
being isolated obstruction of the left ventricular 
outflow tract. The hypertrophied left ventricle may 
well be at increased risk during surface cooling, 
and these hearts are more liable to show dysrhythmias. 
A more prudent technique for these infants is low flow 
and hypothermia to 22-25". If excessive venous 
return is a problem, a short period of arrest may 
be undertaken without removal of the cannulae. 

Infants with severely symptomatic transposition of 
the great arteries, either simple or complex, persistent 
truncus arteriosus, atrioventricularis communis, as 
well as some other less common lesions, can be 
added to the group*''7 meriting early definitive 
operation because of the improvement in the quality 
of the repair brought about by the use of hypothermic 
arrest, and the consequent reduction in the chance of 
operative error. The successful renaissance of the 
Senning operation'^'? in particular attests to improve- 
ments in operative technology, and many children with 
various transposition complexes can undergo satis- 
factory repair shortly after birth. We have had no 
hospital mortality in our patients having the Senning 
operation including five undergoing operation in the 
first two months of life. 

It now appears that the trend towards the early, 
definitive repair of complicated congenital heart de- 
fects has physiologic merit. It has been our expe- 
rience, as stated above, that these operations are 
facilitated by the use of profound hypothermia and 
circulatory arrest allowing anatomic repair with low 
morbidity and mortality. If, in the future, the clinical 
courses of these children remain free of hemodynamic 
and developmental complications, the early, complete 
repair of congenital cardiac malformations using this 
technique appears to be justified, thereby avoiding 
the metabolic and developmental derangements pro- 
duced by prolonged cardiac decompensation. 
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DISCUSSION 


Dn. L. HENRY EDMUNDS, Jr. (Philadelphia. Pennsylvania): The 
technique of deep hypothermia and circulatory arrest offers two 
major advantages: It allows the surgeon to do a precise operation in a 
dry, motionless field, and it simplifies cannulation and somewhat 
decreases the injury produced by the pump oxygenator. As Dr. 
Bender pointed out, early brain injury is unusual: seizures occur 
occasionally and, rarely, a severe injury is seen. 

However, recent reports have raised the question that patients who 
have been treated with deep hypothermia and circulatory arrest for 
the repair of their congenital heart lesion perform less well mentally 
as they get older than do comparable children who have had 
congenital defects repaired by other means. This has led us and others 
to sharply curtail the use of deep hypothermia and circulatory arrest. 
We still use deep hypothermia, but use periods of low flow whenever 
possible, and limit sharply, and for short periods, any time in which 
the circulation is turned off altogether. We hope that this will reduce 
to a bare minimum any late deficiencies in neurologic function, which 
may or may not occur in these children. 
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Dr. RICHARD E. CLARK (St. Louis, Missouri): I noticed Dr. 
Bender's mortalities from 1974 through 1976 were approximately 
constant at 25%. For the years 1977 and 1978, the mortality was 7 and 
876 respectively. This is a three-fold reduction in mortality. Did you 
change oxygenators, use arterial line filters, or use cardioplegic 
solution to account for such a dramatic difference in the past two 
years? 


DR. HARVEY W. BENDER, JR. (Closing discussion): Dr. Edmunds 
raises the question of late intellectual development in these children. 
We are aware of the recent reports and are concerned about this. As I 
mentioned, we have not done psychologic testing in these children on 
a routine basis, but we are unaware of any developmental lag in these 
patients. 

Dr. Clark asked about the change in mortality after the first three 
years. We did not change our technique in any way. Specifically, we 
did not change our filter system in the pump, did not change 
oxygenators, and did not use potassium cardioplegia in these infants. 
We did use the technique in more patients and some of these had less 
severe abnormalities that increased our numbers, and, as a result, our 
mortality figures improved. 


An 11 Year Evolution of Coronary Arterial 


Surgery (1967-1978) 


FLOYD D. LOOP, M.D., DELOS M. COSGROVE, M.D., BRUCE W. LYTLE, M.D., ROBERT L. THURER, M.D., 
CONRAD SIMPFENDORFER, M.D., PAUL C. TAYLOR, M.D., WILLIAM L. PROUDFIT, M.D. 


All patients who underwent isolated myocardial revasculariza- 
tion procedures from 1967-70 (n = 741) were compared with 
the first 1,000 patients who received similar elective operations 
each year from 1971 through 1978. Data from these eight years 
were processed through a computerized cardiovascular infor- 
mation registry. Median age increased from 50 to 56 years, 
multiple-vessel disease increased from 44 to 89%, and left 
ventricular asynergy from 41 to 54%. The number of grafts 
per patient increased from 1.5 to 2.5 and yet morbidity de- 
clined in every category except neurologic deficit. Operative 
mortality was 1.1% from 1967 through 1978 and 0.9% from 
1971 through 1978. Graft patency was determined for 475 
patients from 1967—70, 553 patients from 1971, 519 from 
1972, and 540 from 1973. Patency rates after a mean catheter- 
ization interval of 21 months were 77, 77, 84, and 87% re- 
spectively. Higher graft patency coincides with introduction of 
the internal mammary artery graft. Five year follow-up was 
completed for the 1967—1970 series and 1971, 1972, and 1973 
cohorts. Actuarial five vear survival was 89.6, 91.6, 93.2, and 
91.7%. Five year survival comparisons between 1967—1970 
patients and 1971-1973 patients in single-, double-, and triple- 
vessel disease categories show significant extended longevity 
in the later experience. Abnormal ventricular function and 
incomplete revascularization adversely influenced longevity 
(p < 0.05) in all years surveyed. In those series the per- 
centage of asymptomatic patients at five years was 66, 65, 69, 
and 67%. Lower risk and higher five year survival are 
attributed to greater technical experience, changing tech- 
nology, and improved management rather than to selection 
of lower risk cases. 


N SCIENCE, prodigious achievement generates 
I change. Progress unfolds through conceptual ad- 
justments and eventually a series of innovative tech- 
niques. Initiated by a patch graft experience,’ 
the technical evolution in coronary arterial surgery 
has continued into an era of complete revasculariza- 
tion and advanced myocardial protection. The litera- 
ture on revascularization suggests steadily improving 
results. Apart from human technical experience, 
however, refinement in selection may account for 
these favorable trends. Suitability of a patient for 
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myocardial revascularization already implies a lower 
overall risk than that found in full spectrum of 
coronary heart disease and conceivably risk could be 
altered further by careful selection. 

Perspective from an institution that participated in 
these operations for more than a decade may be of 
interest in assessing various risks, experience, and 
changing technology. A review of standard clinical and 
angiographic variables year-by-year would be valuable 
to chronicle changing attitudes and accomplishments. 
Recording evolving techniques including selection and 
management and their effect on long-term palliation 
are necessary to interpret the ultimate role of modern 
myocardial revascularization. Pain relief correlates 
highly with graft patency, but risks and cumulative 
survival must also figure prominently in judging a 
cardiac operation performed for a biologically pro- 
gressive disease. 


Description of Series and Definitions 


For data retrieval purposes, this 11 year experience 
is divided into two groups. Our first experience in 
bypass graft operations consisted of 741 consecutive 
patients who underwent isolated myocardial revas- 
cularization procedures from May 1967 through De- 
cember 1970. These cases were analyzed and the 
findings were reported by Sheldon and colleagues." 
Certain patency and left ventricular contraction com- 
parisons have been updated in this report. For com- 
parative purposes, data from the first 1,000 patients 
who received isolated bypass procedures each year 
from 1971 through 1978 were processed through a 
computerized cardiovascular information registry 
which was established in The Cleveland Clinic 
Foundation in 1972. Emergency revascularization for 
unstable angina (with transitory electrocardiographic 
changes) or evolving myocardial infarction, reopera- 
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tions, bypass procedures combined with aneurysmec- 
tomy, carotid endarterectomy, and valve repair or 
replacement were excluded. Patients with histories of 
heart failure, recent unstable angina, infarction within 
three months, and those who had left main coronary 
obstruction greater than 50% were included. The early 
experience (1967— 1970) and the 1,000 patient cohorts 
from 1971 through 1978 constitute our experience in 
elective isolated bypass operations for coronary 
atherosclerosis. 


Definition of Terms 


Operative mortality. Death that occurs intraopera- 
tively or during the same period of hospitalization. 

Critical coronary atherosclerosis. Greater than 50% 
reduction in lumen diameter estimated from the 
cine coronary arteriogram. 

Extent of coronary arterial disease. Traditionally 
classified into single-, double-, and triple-vessel disease 
categories according to the major system involved: 
exceptions include: 


1) Isolated diagonal arterial stenosis coexisting 
with a normal anterior descending artery was 
not considered single-vessel disease unless the 
diagonal appeared larger than the parent anterior 
descending. 

2) Branch lesions in the posterolateral circumflex 
or radicles of the right coronary artery were 
classified as critical narrowing in that arterial 
system, /.e., stenosis in the main artery or any 
branches >50% affected that system for cate- 
gorization purposes. 

3) Nondominant right coronary arterial obstruction 
was not included. 

4) Main left coronary stenosis greater than 50% was 
classified double-vessel disease. 


Left ventricular performance. By single-plane left 
ventriculography in two projections, the ventricle 
was divided into three anterior and three inferior 
myocardial segments similar to the classification 
proposed by Manley and associates." In longevity 
comparisons the first two categories, i.e., normal and 
mild impairment were classified as normal or near 
normal and the latter two categories, i.e., moderate 
and severe impairment were classified as abnormal 
ventricular contraction. The four performance groups 
were: 


1) Normal indicated no visual impairment or only 
minor contraction abnormality confined to a small 
fraction of one myocardial segment. 

2) Minor impairment included hypokinesis or 
akinesis limited to one segment. 

3) Moderate impairment constituted visual evidence 
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of serious impairment in two or more myo- 
cardial segments. Left ventricular end-diastolic 
pressure (LVEDP) was usually over 15 mmHg. 

4) Severe impairment meant diffuse left ventricular 
impairment with marked elevation of left heart 
pressures. 


Angina pectoris. Preoperative angina was reclas- 
sified into mild, moderate, and severe angina after 
the American Heart Association grading system. ' 

Complete revascularization. Grafts were placed 
distal to all major proximal stenoses in a dominant 
right coronary artery or its branches, anterior descend- 
ing, major diagonal, main circumflex or its branches.” 
For complete revascularization, left main coronary 
artery narrowing greater than 5096 required grafts to 
both anterior descending and circumflex arteries. In 
patients with balanced or nondominant right coronary 
artery distribution, the right coronary artery was 
excluded from classification. Patients who did not re- 
ceive grafts to critically stenotic arteries were con- 
sidered incompletely revascularized. 

Perioperative myocardial infarction. New Q waves 
indicated perioperative infarction. Almost always the 
serum glutamic oxaloacetic transaminase (SGOT) was 
elevated over 100 i.u./l. When enzyme determinations 
were discordant with new Q waves, the attending 
cardiologist made the decision about infarction. 

Respiratory insufficiency. Failure of the patient to 
maintain adequate blood gases while breathing spon- 
taneously which required mechanical ventilation longer 
than 48 hours postoperatively. 

Stroke. Defined as central nervous system damage 
manifested by motor weakness not of peripheral 
origin, language impairment, diplopia or visual field 
defects. Both transient and permanent deficits were 
classified as stroke. 

Gastrointestinal bleeding. Gross blood loss from 
either upper or lower gastrointestinal tract which 
required blood transfusion to maintain normovolemia. 

Wound complication. Superficial (subcutaneous) or 
deep wound infection or sternal dehiscence or both. 

Patients in the earlier series (1967-1 970) have been 
followed for a mean of 80 months. No patients 
were lost to follow-up. Survival curves include all 
cardiac and noncardiac deaths: life-table analysis 
was used for all longevity calculations. Cardiac 
reoperation was not cause for withdrawal. Late 
information was obtained by trained personnel through 
telephone calls and chart records. End points were 
simplified and confined to: 


I) alive or dead (date) 
2) cause of death—when unknown or cardiac, 
physician was contacted 
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3) yes or no questions 
a) chest pain with exertion or at rest 
b) employed 
C) retired on cardiac disability 
d) history of heart attack in interim 
e) interim hospitalization for cardiac reasons 
f) heart reoperation 


Findings 


The clinical and angiographic information recorded 
in this section for 1971 through 1978 is derived from 
a cardiovascular information registry. Data were coded 
prospectively from 1972 through 1978 and retrospec- 
tively for 1971. The early series (1967-1970) has 
been reported previously. Where appropriate, this 
text is abbreviated and summarized in tables or other 
graphic forms. 


Clinical Characteristics 


Male to female ratio. Approximately nine men to 
every woman were operated on during the i] year 
period. Minor variations occurred in the intervening 
years. 

Patient age. Median age increased after the 1967- 
1970 experience. The percentage of patients 65 or 
older has risen from 1% of the 1967—1970 series to 
12% in 1978. In the early series, 3 of 741 patients were 
70 or older; this age group accounted for 3.2% of the 
1978 population. Median ages were: 1967—1970, 50; 
1971, 52; 1972, 33; 1973, 53; 1974, 54; 1975, 55; 1976, 55; 
1977, 56; 1978, 56. 

Angina pectoris. From 3 to 4% of those operated 
on denied having symptoms at the time of cardiac 
catheterization, but virtually all of these ""asympto- 
matic’ patients had experienced a major cardiac 
event that led to evaluation by cardiac catheteriza- 
tion. The majority of these events included previous 
myocardial infarction or unstable angina. Mild angina 
was noted in 3 to 796 of the surgical patients, 
moderate angina comparable to New York Heart Asso- 
ciation functional Class H or IH was experienced in 
47~58%, and severe angina occurred in 28—38% 
during the 11 year period. No yearly trends were 
detected in a review of preoperative angina pectoris. 

Myocardial infarction. A history of myocardial in- 
farction confirmed by electrocardiogram (Q waves) 
ranged from 24 to 30% over the study period. An 
additional 25—31% gave a history of hospitalization for 
myocardial infarction, but abnormal Q waves were not 
recorded in the preoperative electrocardiograms. 
Documented Q waves or history of infarction varied 
without apparent trend. 

Diabetes mellitus. Only clinical diabetes which 
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required insulin therapy was accepted. The per- 
centage of diabetic patients ranged from 5.2 to 9.7% 
and no pattern of prevalence was detected. 

Hypertension. The definition hypertension is based 
on blood pressure recording preoperatively and, 
therefore, is not a true prevalence of hyperten- 
sion, since many patients had short or long histories 
of treated hypertension and were under good control. 
Normal blood pressure readings (systolic <140 and 
diastolic <90 mmHg) were found in 67-76%. Systolic 
and diastolic hypertension occurred in 9~11.5% of 
patients from 1967 through 1975; however, in 1976 
through 1978, 6.6—7.4% had elevated blood pressures 
preoperatively, which may reflect a downward trend 
in preoperative elevated blood pressure or better 
medical control. Systolic blood pressures above 140 
mmHg were recorded in 15-20% of the patients and 
varied inconsistently. 

Serum cholesterol, From 1967 through May 1974 the 
ferric chloride-sulfuric acid method was used for 
cholesterol determination. Thereafter, the Lieber- 
mann-Burchard method was used until February 1979 
when a total enzymatic method was adopted. The 
iron salt method yields lower cholesterol values than 
those obtained with the Liebermann-Burchard method, 
and the difference is greater at higher values (>250 
mg/dl). Cholesterol values were centered equally 
above and below the 250 mg/dl. Forty-two to 52% had 
values below this level and 47-57% had serum 
cholesterol levels above 250 mg/dl. In 1978 values 
above 300 mg/dl preoperatively rose to a high incidence 
of 25%. In 1975 our laboratory became part of a 
cooperative cholesterol and triglyceride standardiza- 
tion program certified by the Center for Disease 
Control. 

Serum triglycerides. These values were arbitrarily 
divided into three groups: A) <140 mg/dl; B) 140—199 
mg/dl; C) 2200 mg/dl. Triglyceride values varied 
more widely than cholesterol values. A values were 
found in 22-4247, B values in 28 —33.596, and C values 
in 30-45%. A perceptible trend was not detected. 


Preoperative Angiographic Findings 


Extent of atherosclerosis. Critical coronary athero- 
sclerosis, classified as single-, double-, or triple-vessel 
disease is shown for each year in Table 1. Single- 
vessel disease occurred most frequently in the 1967- 
1970 series (56%). Thereafter the prevalence of 
multiple-vessel disease rose consistently to a high of 
89% in 1978. The prevalence of critical left main 
coronary artery lesions ranged from 8 to 12%. 

Left ventricular performance. Preoperative left ven- 
tricular impairment is recorded for all years in Table 1. 
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TABLE |. Per Cent Prevalence of Critical Coronary Atherosclerosis and Left Ventricular Impairment in Surgic al Series (1967 1978) 


1967 — 1970 1971 1972 1973 1974 1975 1976 1977 1978 
se cS pe a Sa csc Ne IN I a a a a a UN 
Single vessel 56 18 16 17 18 15 15 li 11 
Double vessel 26 34 33 32 3i 30 26 26 28 
Triple vessel 9 37 40 43 43 45 47 $1 49 
Left main trunk 9 11 11 8 8 10 12 12 12 
Left ventricular asynergy 41 38 40 41 41 47 45 50 54 





* Stenosis estimated greater than 50%. 


A gradual increase in categories of moderate and 
severe left ventricular impairment was found in 1977 
and 1978. In these latter two years, 13 and 19% had 
moderate dysfunction and 6% each year had extremely 
poor left ventricular function manifested by global 
impairment and markedly elevated LVEDP; however, 
all had angina as the predominant symptom and few 
operations were undertaken solely for congestive heart 





Operative Variables 


Operative mortality. Death in the operating room or 
during the hospital course was highest in 1967~1970 
(3.0%). Operative mortality thereafter is recorded by 
year: 1971: 0.6%; 1972: 1.1%; 1973: 0.4%; 1974: 1.562; 
1975: 0.8%; 1976: 0.4%; 1977: 1.896; 1978: 0.8%. Over- 
all operative mortality was 1.1% for 11 years and 
0.9% for 1971 through 1978. 

Complete revascularization. Patients who received 
bypass grafts to all severely obstructed major vessels 
(as defined above) were classified as completely 
revascularized. In 1967 —1970, the prevalence of single- 
vessel disease precluded a meaningful incidence of 
completeness. From 1971 through 1975 the incidence of 
completeness ranged from 58 to 66%; from 1976 
through 1978 it rose to 72, 79, and 82% respectively. 
The number of grafts per patient rose steadily from 
1.5 in 1967-1970 to 2.5 in 1978. 

Blood utilization. The average blood usage from 
1967 through 1971 was 11 units of blood per opera- 
tion which includes all transfusions of blood or blood 
products intraoperatively or during the hospital course. 
From 1972 through 1976 the mean number of trans- 
fusions ranged from 5.3 to 9.2 units per patient. 
Blood usage declined to 3.9 units per patient in 1977 
and to 2.1 in 1978. 


Morbidity (Table 2) 


Perioperative infarction. Myocardial infarction de- 
clined from 7.1% in 1967— 1970, plateaued at 3.4—4.3% 
~ between 1971 and 1975, dropped slightly to 2.5 and 
` 2.796 in 1976-1977, and to the lowest figure, 1.2%, in 
1978. The highest SGOT (median) followed a similar 


course from a high of 99 i.u./l in the early series to 
reach a 60—70 i.u./l range in the middle years be- 
fore declining further to 55 and 44 1.u./l for years 1977 
and 1978 respectively. 

Reoperations for bleeding . The incidence of explora- 
tion for postoperative bleeding ranged from 4 to 10% 
without any recognizable pattern; however, the lowest 
reoperation rate of 3.3% was reached in 1978. 

Respiratory insufficiency. The highest incidence of 
respiratory complications occurred in the 1967—1970 
series (5%). Thereafter this complication leveled off 
to an incidence of approximately 2% from 1971 through 
1977; the lowest rate of respiratory complications 
was reached in 1978 (0.7%). 

Stroke. Neurologic deficits, either. transient. or 
permanent, occurred in 0.9-2.1% of patients. Ap- 
proximately half this number appeared as permanent 
deficits and the remainder had resolved or nearly 
resolved before discharge. 

Gastrointestinal bleeding. From 1967 through 1973, 
stress gastrointestinal bleeding occurred with an in- 
cidence of 1.4-2.6%. In later years this complica- 
tion became less frequent; no cases of gastrointestinal 
bleeding were recorded in 1978. 

Wound complications. Infection or dehiscence or 
both varied from a high of 2.9% in 1971 to a low of 
0.6% in 1976. In 1978, 0.8% of patients experienced 
some wound complications. 

Graft Patency. Graft patency was determined for 
475 patients from 1967— 1970, 553 patients from 1971, 
519 patients from 1972, and 540 patients from 1973. 
After a mean interval of 21 months, patency rates 


TABLE 2. Morbidity After Myocardial Revascularization 
( 1967 1978) 


hene M C PER E E PER n AARAA A ira a a a A A hf dnd pak ry a 








Morbidity 1967-70 1972 1975 1978 
Perioperative infarction 7.19€ 4.3% 3.4% 1.26€ 
Median peak SGOT 

(a.i) 99 72 7 44 
Postoperative bleeding 10.0% 7 OG 19.0% 3.057. 
Blood units/case 11.0 9. | 7.4 2] 
Respiratory insufficiency 5.06€ 1.86€ 2.1% 0.76€ 
Stroke 2.0% 1.3% 1.66€ 1.767 
GI bleeding 1.25% 2.6% 0.3% 0.0% 
Wound complication 2.065€ 2.4% 1.6% 0. RC 
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TABLE 3. Vein Graft Patency (1971 ~1973)* 


Interval Between 
Surgery and 


Catheterization Patients Grafts Number Per Cent 

(Months) Studied Studied Patent Patent 
Under 7 122 191 138 72.25 
7-12 426 733 597 81.45 
13-24 $57 977 815 83.42 
25—36 101 168 144 85.71 

37 —48 74 129 94 72.87 
Over 48 200 341 240 70.38 
Total 1480 2539 2028 79.87 


* Computed from last catheterization in serial studies. Mean 
interval 23 months. 


were 77, 77, 84, and 87% respectively. In Table 3 
saphenous vein graft patency for 1971— 1973 is recorded 
according to progressively lengthening intervals be- 
tween operation and postoperative catheterization. A 
similar time and patency correlation for the internal 
mammary artery (IMA) graft is shown in Table 4. We 
limited graft patency figures to the 1971 through 1973 
experience generated from the data bank and updated 
the 1967 —1970 experience from the patients’ records. 

For 98 patients originally operated on from 1971 
through 1973, serial studies of 144 vein grafts showed 
an 85.496 patency at the initial catheterization (mean 
interval 14 months). Of the 123 grafts patent at the 
first catheterization, 109 (88.6%) were patent at the 
second catheterization (mean interval between first and 
second catheterization 42 months). Thus, of 123 grafts 
which had documented patency, 14 (11.4%) closed after 
a mean interval of 31⁄2 years. 

Of 58 IMA grafts in 58 patients operated on from 
1971 through 1973, serial studies found 100% patency 
at the first catheterization (mean interval 11 months). 
Of these 58 patent grafts, 54 (93.176) were patent at 
the second catheterization (mean interval between 
first and second catheterizations 33 months). Of 58 
grafts originally patent, four (7%) closed in the sub- 
sequent three years. 

Patency according to the specific vessel grafted was 
tabulated earlier for the 1967—1970 pure graft series 
(mean interval 16 months).'* For 294 right coronary 
artery grafts, 227 (77.296) were patent; for 283 anterior 
descending grafts, 225 (79.5%) were patent; for 131 
circumflex grafts, 95 (72.596) were patent. Overall 
patency for this early vein graft series was 77%. For 
the 1971 through 1973 cohorts, patency according to 
specific vessel grafted is shown in Table 5. Under each 
arterial heading, the left column indicates number of 
grafts studied and the right column records patency. In 
1971 few IMA grafts were restudied, so that patency 
rates listed for that year represent a vein graft expe- 
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rience. Patency for 1971 differs little from 1967—1970 
and shows that the anterior descending coronary artery 
has a slightly higher patency record than either of the 
other two major coronary arteries. In 1972 and 1973, 
increasing numbers of IMA grafts, principally to the 
anterior descending, were restudied. This accounts for 
the abrupt rise in the overall patency rate for the 
anterior descending coronary artery. Patency rates 
for the anterior descending from 1971 through 1973 
(mean interval 21 months) was 87.1% compared to 
78.2% for circumflex and 77.2% for right coronary 
artery grafts. The far right column in Table 5 indicates 
that multiple graft patency (81.3%) 1s nearly identical 
to single graft patency (84.5%). 

For the 1967-1970 series, 482 patients were re- 
catheterized, 187 of whom had multiple grafts and 
174 (93%) of these 187 had at least one graft patent. 
The percentages of patients with all grafts patent, all 
grafts occluded, and at least one graft patent for the 
1971 through 1973 experience are listed in Table 6. Of 
1,078 patients who received multiple grafts in those 
years, 1,025 (95.0%) had at least one patent graft. 

Postoperative Left Ventricular Performance. In the 
1967—1970 series, 482 patients had postoperative 
cardiac catheterization, and 457 studies were available 
for preoperative comparison. Subjective analysis by 
Sheldon!’ found 344 (75%) left ventricles unchanged, 
40 (9%) improved, and 73 (16%) worse than preopera- 
tively. For 545 ventriculograms available for compari- 
son in 1971, 105 (19%) were improved, 412 (76%) were 
unchanged, and 28 (596) were considered worse in 
terms of new impairment. In 1972 preoperative and 
postoperative ventriculograms were analyzed in 513 
patients and 121 (24%) were rated improved, 359 
(70%) unchanged, and 33 (6%) worse. Of 537 patients 
whose ventriculograms were compared from the 1973 
cohort, 127 (24%) were improved, 378 (70%) un- 
changed, and 32 (676) showed new impairment. 


TABLE 4. IMA Graft Patency (1971 -1973)* 


Interval Between 
Surgery and 





Catheterization Patients Grafts Number Per Cent 
(Months) Studied Studied Patent Patient 
Under 7 59 59 53 89.83 

7-12 131 133 130 97.74 
13-24 148 150 140 93.33 
25—36 25 26 26 100.00 
37-48 23 23 21 91.30 

Over 48 _38 _38 _36 94.74 
Totals 424 429 406 94.64 





* Computed from last catheterization in serial studies. Mean 
interval 14 months. 








Vol. 190 e No. 4 


CORONARY ARTERIAL SURGERY 


449 


TABLE 5. Patency by Vessel Grafted 


—M—— M MM MÀ M € M He a a a A E I uL 


Left Anterior 


Descending Circumflex Artery All Vessels 
No. Per Cent No. Per Cent No. Per Cent No. Per Cent 
—— —M ten UUO 
1971 
single graft 109 80.7 18 72.2 55 78.2 182 79.1 
double graft 226 735.7 138 71.0 166 67.5 530 71.9 
triple graft 106 84.0 106 80.2 106 77.4 318 80.5 
441 78.9 262 74.8 327 12,5 1030 75.8 
1972 | 
single graft 120 90.8 15 73.3 4] 75.6 176 85.8 
double graft 231 93.5 138 81.2 159 76.7 528 85.2 
triple graft 79 88.7 79 70.9 79 74.7 237 78.1 
430 91.9 232 prp. 279 76.0 94] 83.5 
1973 
single graft 120 90.8 24 75.0 32 90.6 176 88.6 
double graft 234 90.2 248 83.1 152 81.6 534 85.8 
triple graft 97 91.8 97 5 97 85.6 29} 86.9 
zm 451 7 269 82.5 281 84.0 1001 86.6 
T^ 1971-73 
single graft 349 87.7 57 73.7 128 80.5 534 84.5 
double graft 691 86.5 424 78.5 477 75.4 1592 81.0 
triple graft 282 87.9 282 78.7 282 79.4 846 82.0 
1322 87.1 763 78.2 887 Tie 2972 81.9 


Right Coronary 

















M MM ——M HÀ MÀÓ— a te 


Long-term Survival 


All survival figures represent gross survival and not 
cardiac survival. Actuarial five year survival for the 
1967 — 1970 series was 89.6% compared to 1971 (91.6%), 
1972 (93.2%), 1973 (91.7%). The 1967—1970 series of 
741 patients is compared to the 1971—1973 composite 
of 3,000 patients and other comparisons between early 
and later series are summarized in Table 7. Actuarial 
survival for single-vessel disease, the specific single 
vessel, i.e., the anterior descending, circumflex, or 
right coronary artery, double-vessel disease and triple- 


TABLE 6. Patency Related to Extent of Grafting 
—— ———À— o e hea let feces han N enh ioe he 


One 
All All or More 
Pa- Grafts Grafts Patent 
tients Patent Occluded Grafts 


la NEENA i NER Se ERN ele hoe 
1971 


single graft 182 144 (79.1%) 38 (20.9%) 

double graft 265 147 (55.5%) 31 (11.7%) 234 (88.3%) 

triple graft 106 58 (54.7%) 3 (2.8%) 103 (97.2%) 
1972 

single graft 176 151 (85.8%) 25 (14.2%) 

double graft 264 194 (73.5%) 8 (3.0%) 256 (97.0%) 

triple graft 79 39 (49.4%) 0 79 (100.0%) 
1973 

single graft 176 156 (88.6%) 20 (11.492) 

double graft 267 201 (75.3%) — 10 (3.7%) 257 (96.2%) 

triple graft 97 66 (68.0%) 1 (1.0%) 96 (99.0%) 


vessel disease comparisons are recorded in Figure 1. 
In isolated single-vessel disease for the 1971-1973 
combined cohorts, the patients with grafted anterior 
descending coronary artery had the highest five year 
survival (98.3%) (n = 328) compared to 93.0% for iso- 
lated right coronary artery (n = 132), and 88.7% iso- 
lated circumflex (n = 44) (Fig. 1). 

Survival curves for single-, double-, and triple- 
vessel disease subsets are shown in Figure 2 for 1967— 
1970, 1971, 1972, and 1973 cohorts. Differences in 
survival between 1967-1970 patients and the later co- 
horts are statistically significant for all subsets. 

Abnormal left ventricular function adversely in- 
fluenced longevity in all years surveyed. It was 


TABLE 7. Five Year Actuarial Survival 
—— Pá————— ————— OPERE 


1967 ~ 1970 1971 ~ 1973 

Sea ae ee TE eC RE Re ee ee ee QUIS 
Composite 89.6 92.2 
single vessel 91.6 96.5 
Double vessel 88.0 93.6 
Triple vessel 85.0 89.8 
Completeness 

complete revascularization 93.8 

incomplete revascularization 88.0 
LV Contraction 

normal or mild impairment 93.0 

moderate or severe impairment 84.2 


Numbers expressed in per cent. 
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PERCENT 
SURVIVAL 


93.0 
88.7 


LEFT ANTERIOR DESCENDING 
--—---- RIGHT CORONARY ARTERY 


——- CIRCUMFLEX 


n = 328 
n= 132 
n*" 44 





Fic. |. Five year actuarial survival curves are plotted for 
specific isolated single-vessel disease. Patients with anterior 
descending coronary atherosclerosis fared best with survival of 
98.3%: isolated right coronary artery disease is shown in the 
middle curve, and circumflex disease is represented in the lowest 
curve. 


previously reported! that 41% of the 741 patient 
1967—1970 series had abnormal function; however, 
more than half of these had mild localized impair- 
ment (confined to one myocardial segment). Moderate 
dysfunction was found in 105 patients who had a 
three-year survival of 86% compared to 94% survival 
in patients with normal ventricles preoperatively. In 
the 1971 through 1973 1,000 patient cohorts, those with 
normal preoperative function or impairment confined 


PERCENT 
SURVIVAL 


1971 - 1973 n = 504 
1987 - 1970 n= 416 





1 2 3 4 5 
YEAR 
Fic. 2a. The 1967—70 series is compared with 1971, 1972, and 1973 


cohorts for single-vessel disease only. The five year actuarial 
survival is noted for each curve. 
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PERCENT 
SURVIVAL 
100 
“wan 93.6 
90 ET ee mae 
niodo aoe EN 88.0 


———— 1971 - 1973 n= 1044 
w"-— - A —-— 1967 - 1970 n= 230 


70 


1 2 3 (04 5 
YEAR 


FiG. 2b. A similar comparison is made for double-vessel disease. 


to one segment (n = 2752) had a 93.0% five year 
survival. This figure contrasts with an 84.276 five year 
survival for 248 patients with moderate or severe 
impairment of contraction. 

For 102 patients who experienced nonfatal peri- 
operative myocardial infarctions in the 1971—1973 co- 
horts, the actuarial five year survival was 94.0%. All 
but eight had multiple-vessel disease and 65 (64%) had 
normal preoperative left ventricular function. 


Complete and Incomplete Revascularization 


Since single-vessel disease occurred in 56% of the 
1967—1970 series difference in five year survival be- 
tween completely and incompletely revascularized pa- 


PERCENT 
SURVIVAL 


1971-1973 n^ 1452 
1967-1970 n= 95 





YEAR 
FiG. 2c. Triple-vessel disease. Differences between the early and 
later series are highly significant in single-, double-, and triple- 
vessel disease categories. 
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tients is of questionable significance. Five year sur- 
vival for complete vs. incomplete revascularization is 
computed for each of the 1971 through 1973 cohorts: 
1971 complete 94.6% and incomplete 85.8%: 1972. 
94.0 and 91.796; 1973, 92.5 and 85.4%. 


Postoperative Clinical Follow-up 


Five year follow-up for survivors of the 1967—1970 
series and for survivors of 1971, 1972 and 1973 co- 
horts were asked about presence of chest pain, work- 
ing status, intervening hospitalization, and subsequent 
cardiac operation. The following figures are recorded 
for the four time periods representing the 1967— 
1970, 1971, 1972, and 1973 series. No history of chest 
pain was elicited in 66, 65, 69, and 67%, respec- 
tively. No data on employment are available for the 
1967— 1970 series; however, in the 1971 through 1973 
cohorts, 53, 54, and 53% of survivors are employed 


Y. five years postoperatively. Subsequent cardiac opera- 


tions were performed in 50 (5%) of the 1971 series, 
32 (3%) of the 1972 series, and 31 (3%) of the 1973 
series. Late myocardial infarction figures must be inter- 
preted cautiously because electrocardiograms in sur- 
vivors could not be surveyed at five years and com- 
pared with the postoperative electrocardiograms. Of 
1971 through 1973 survivors, 52 (6%), 44 (5%), and 
47 (5%), respectively, gave a history of late hos- 
pitalization for infarction. 


Discussion 


Progress in surgery is measured by declining risk, 
lasting clinical benefit, and technological advance that 
improves survival. In face of Sweeping technical 
change, we have documented a higher risk popula- 
tion of surgical candidates in terms of advanced 
age, more extensive coronary atherosclerosis, and 
greater prevalence of preoperative left ventricular 
impairment. Simultaneously, the number of grafts per 
patient which increased yearly has affected the in- 
cidence of complete revascularization favorably. What 
effect has this changing population and more exten- 
sive surgery had on clinical results? First, recog- 
nizable morbidity has decreased (Table 2). Compari- 
son results from the 1967—1970 experience with 
results from the 1978 cohort, the differences in all 
listed variables, except for stroke, are statistically 
significant (p < 0.05). Slightly more than half the 
neurologic deficits classed under stroke are mild and 
transient weakness from which the patient recovers 
completely, often before hospital discharge. 

The introduction of cold potassium arrest for myo- 
cardial protection in 1977 appears to account for a 
lower rate of myocardial infarction in 1977 and the 
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lowest perioperative infarction attained in the 11 year 
experience in 1978 (1.2%). Since operative techniques 
have been standardized for several years and the 
number of grafts per patient has continued to rise, 
pharmacologic arrest seems responsible for the lower 
perioperative infarction rate, which is verified by a 
reduction in the SGOT. The SGOT was the only en- 
zyme measured by the same laboratory method during 
the period under survey. Despite the prevalence of 
single-vessel disease and single grafts in the 1967—1970 
experience, this highest postoperative SGOT value 
declined from 99 i.u./l in the early series to a low of 
44 1.u./1 in 1978. In the middle years, our periopera- 
tive infarction rate (new Q waves) fluctuated around 
4%, despite the routine practice of anoxic arrest. In 
retrospect, this relatively low infarction rate is at- 
tributed to a standardized operative approach which 
included 1) routine bicaval cannulation and left atrial or 
left atrial ventricular venting, 2) short anoxic periods 
for grafting (10 minutes) with beating vented heart and 
normal perfusion pressure between periods of aortic 
cross-clamping, 3) staging of grafts so that proximal and 
distal anastomoses were completed before the next 
graft was begun, and 4) frequent construction of right 
coronary grafts with the heart beating. As shown by 
Buckberg? the vulnerability of the left ventricle to 
ischemic damage is reduced by a ‘‘beating-empty”’ 
heart and avoidance of hypotension. Today, espe- 
cially in patients with diffuse coronary atherosclerosis 
and left ventricular hypertrophy, systemic hypo- 
thermia and cold potassium cardioplegia have en- 
hanced myocardial protection and allowed construc- 
tion of multiple distal anastomoses under one period 
of aortic cross-clamping without producing myocardial 
injury. 

Other complications such as postoperative bleeding, 
respiratory insufficiency, gastrointestinal bleeding, and 
wound infection/dehiscence have diminished in fre- 
quency but not clearly so until recently. Perhaps 
blood usage, which fell off sharply in 1977 and 1978, 
is both directly and indirectly linked to the above 
observations. Principles outlined in the blood con- 
servation report of Cosgrove and associates? were 
followed strictly in late 1977 through 1978 yielding a 
marked reduction in blood transfusions per patient 
which coincided with a lower bleeding incidence. 
Indirectly, less bleeding thwarted a spiral of compli- 
cations beginning with respiratory complications and 
ending with wound complication. 

Graft patency figures are restricted to the 1967- 
1970 experience and the 197] through 1973 cohorts 
because only in these groups are more than half the 
patients restudied. Rates have improved when 1967— 
1970 results are compared to the 1973 cohort. Tech- 
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nical proficiency accounted for slight improvement in 
the first year or two, but better results later on are 
reflected by greater use of the IMA graft with its 
attendant higher patency. As a graft site, the anterior 
descending coronary artery had the highest patency 
rate whether it received an isolated graft for single- 
vessel disease or whether it was part of multiple- 
vessel disease for which the patient received grafts 
to other coronary arteries (Table 5). In 1972 and 
1973 more IMA grafts were recatheterized and over- 
all anterior descending graft patency increased from 
79 to 92%. Application of the IMA graft increased to 
52% of cases in 1976 but declined to 36% in 1978. 
We have witnessed a tendency on the part of surgeons 
to use the IMA less frequently in multiple graft 
cases probably because of the additional time re- 
quired for IMA pedicle preparation and grafting. 

The patency figures recorded herein have some 
utility, because the interval between operation and 
postoperative catheterization approaches two years 
(mean 21 months). Patency according to progres- 
sively lengthening intervals (Tables 3 and 4) confirms 
that graft attrition rate is relatively low, at least for the 
first five postoperative years. Of our patients who re- 
ceived multiple grafts from 1971 through 1973, post- 
operative angiography shows that 95% of patients 
have at least one functioning graft. Serial vein graft 
and IMA graft studies were also reviewed for 1971— 
1973 cohorts. Of 144 vein grafts studied serially, 8596 
were patent at the first postoperative catheteriza- 
tion (mean 14 months) and 76% were open after the 
second catheterization (mean 56 months). For serially 
studied IMA grafts, all were patent initially and 54 of 
S8 (93%) were patent at the second catheteriza- 
tion, a mean interval of 44 months postoperatively. 
The low incidence of graft failure has been confirmed 
by others: Kouchoukos et al. reported an 85% one 
year vein graft patency for patients operated on in 
1974—1976, and Campeau and colleagues! found an 
85.5% one year vein graft patency after modification 
of operative techniques. Our original contention that 
the majority of graft closures occur within the first 
three months and are related to runoff and technical 
factors holds true; however, late atherosclerotic 
changes in vein grafts have been reported" usually 
three or more years postoperatively.?^ 

Sheldon’ analyzed preoperative and postoperative 
ventriculograms from the 1967—1970 series. Of 457 
films available for ventriculographic comparisons, 
postoperative left ventricular contraction improved in 
9%, was unchanged in 75%, and worsened in 16%. 
These figures conform to the 7% perioperative in- 
farction rate, the prevalence of single grafts, the 


LOOP AND OTHERS 


Ann. Surg. e October 1979 


interval between surgery and postoperative catheter- 
ization, and the 77% graft patency for this early 
series. A subjective comparison of preoperative and 
first postoperative catheterization left ventricular 
contraction showed a 19% to 24% incidence of im- 
proved left ventricular contraction for 1,612 patients 
recatheterized in the 1971—1973 1,000 patient cohorts. 
Unchanged left ventricular contraction ranged from 70 
to 76%, and 5 to 6% revealed new impairment. Ejec- 
tion fractions were not calculated routinely in these 
earlier years to allow a quantitative comparison. How- 
ever, almost all the ventriculograms available for com- 
parison included RAO and LAO views. These later 
findings are at variance with Ross’ statement'® that 
20% of patients will have worse function postopera- 
tively. Obviously, results of ventriculography in the 
first two postoperative years are based largely on the 
incidence of perioperative myocardial infarction. 

Gross five year actuarial survival, i.e., deaths from 
all causes was used in longevity computations. At the 
fifth postoperative year, gross survival was 3.0% less 
than cardiac survival in 1971, 2.5% in 1972, and 3.7% 
in 1973. The 1967-1970 series has been followed from 
6 to 10 years, and five year survival is 89.6% com- 
pared to 92.2% for the 1971, 1972, and 1973 cohorts 
in which mean follow-up was 70 months. Five year 
survival in categories of single-, double-, and triple- 
vessel disease is also higher in the later experience 
(Fig. 2). Factors which doubtless influence improved 
survival include reduced operative mortality, fewer 
perioperative infarcts, and more complete revasculari- 
zation. Operative experience is an intangible factor, 
however, from 1971 through 1973, a greater number and 
variety of grafts were possible using the same tech- 
niques of grafting and myocardial protection. Nonfatal 
perioperative myocardial infarction had little effect on 
late survival of 102 patients who had new Q waves 
documented postoperatively, 94.0% were alive five 
years later. 

In patients with single-vessel disease, those with iso- 
lated anterior descending coronary artery obstruction 
fared best. For 1971-1973, 98.3% gross survival was 
found in those who had severe atherosclerosis con- 
fined to the anterior descending coronary artery 
compared to 93.0% for the right coronary artery and 
88.75 for the circumflex. Two reasons are offered: 
first. the anterior descending has the highest graft 
patency rate, and second, narrowing of this vessel is 
the most lethal form of single-vessel disease. Thus, 
when the anterior descending is treated by bypass 
grafting, the natural history may be altered more 
favorably than in isolated right coronary artery or 
circumflex stenosis. These latter patients may expe- 








Vol. 190 © No. 4 


rience progressive atherosclerosis which, in time, 
involves the anterior descending resulting in dimin- 
ished longevity. Lytle and colleagues" recently re- 
viewed 200 consecutive patients who had isolated 
anterior descending narrowing greater than 50%, half of 
whom were treated by a vein graft and the other half by 
an IMA graft. In five years, gross survival was 98% in 
each treatment group. 

Those who had normal or nearly normal preopera- 
tive left ventricular contraction survived longer than 
those who had moderate to severe left ventricular 
impairment. The prognosis is no worse for those who 
have impairment confined to one of six myocardial 
segments than those with normal function. Tech- 
nically this damage constitutes abnormal left ven- 
tricular contraction, but for comparisons of longevity, 
we combined these mildly damaged ventricles with 
normal left ventricles and termed the category 


y normal or nearly normal left ventricular contraction.* 


Five year survival based on preoperative left ven- 
tricular status is available only for the 1971-1973 
cohorts. Those with normal contraction or mild im- 
pairment preoperatively experienced a 9392 five year 
survival compared to 84% of those with moderate 
to severe dysfunction. 

Favaloro” questions the term complete revascular- 
ization and proposes "satisfactory" " and ‘‘unsatisfac- 
tory" as more precise predictors. An incomplete 
surgical attempt is usually due to myocardial fibrosis, 
minute vessel size or diffuse atherosclerosis, but 
the result may be satisfactory clinically (though 
technically incomplete) when grafts can be constructed 
to the remaining viable arteries. When all major 
vessels harboring critical lesions were bypassed 
(complete revascularization), a five year survival of 
93.8% was attained in the 1971-1973 composite 
group compared to 88.096 for those whose revas- 
cularization was incomplete due to diffuse ungraftable 
disease or transmural scar replacement. 

Because of the large number of patients involved, 
and nonphysician personnel who obtained follow-up 
information, grading angina pectoris was deferred in 
favor of the simplistic endpoint of chest pain or no 
chest pain. Sixty-seven per cent of the patients 
contacted after a mean interval of 70 months denied 
having chest pain on exertion or at rest. 

Only 5-6% of surviving patients in the 1971—73 co- 
horts were hospitalized for infarction in the interven- 
m ERHOBEN E MN 


* No appreciable difference was found in five year cardiac sur- 
vival when normal contraction was compared to mild impairment. 


¿din 1971, normal 95.9% and mild impairment 93.3%: for 1972 


96.4 and 95.4% and 1973 97.4 and 94.6%. Hence. we believe 
that the above combination is justified. 
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ing years. Silent infarction is not rare, however. The 
prevalence of silent infarctions range from 15 to 3662. * 
The Framingham studies" indicate that at least one in 
five myocardial infarctions are silent or go unrecog- 
nized at the time of occurrence. In reviewing other 
rehabilitative aspects, employment figures indicate 
that 53% of patients in the 1971—1973 cohorts were 
fully employed and 23% had retired on cardiac 
disability. 

Conley and associates? concluded that selection of 
low risk patients may account for improving results 
in coronary arterial surgery. In this 11 year survey, 
we find no shift toward lower risk surgical candidates. 
In fact, if extent of coronary atherosclerosis, left 
ventricular status, and age are indices of risk, the 
trend is toward less restrictive selection policies. For 
stable patients who require bypass grafts solely, 
current myocardial protection methods allow satis- 
factory revascularization with little risk of new ven- 
tricular injury. Today, the major causes of operative 
failure are 1) poor timing of the procedure, i.e., too 
many patients subjected to "salvage" operations in 
the final stages of the disease, 2) preoperative in- 
stability, 3) grafts attempted for diffuse atherosclerosis 
in anatomically small vessels, 4) poor quality or mis- 
interpreted coronary arteriograms or both. 

A 1% risk of early death, a clear trend toward 
declining morbidity and consistently higher five year 
survival were documented in comparing the 1967- 
1970 series to patients in years 1971 through 1973. 
These improved results are attributed to greater tech- 
nical experience, changing techniques, and improved 
patient management. 
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DISCUSSION 


Dr. Davip C. SaBIsTON, Jr. (Durham, North Carolina): This 
presentation by Dr. Loop documents a large and important series 
of patients with coronary bypass grafts. There are many additional 
data in the manuscript for which Dr. Loop did not have time during 
this presentation. | would add that he has thoroughly analyzed these 
data in a most commendable manner. 

(slide) In a special symposium held at the National Heart Institute 
several months ago on the subject of the diminishing mortality of 
coronary disease, it was emphasized that the annual death rate of 
ischemic heart disease in this country had risen dramatically each 
year until 1970. At that time, a definite decline in mortality began 
and has since continued in a gratifying trend. 

From an analysis of many pertinent data presented during the 
two-day symposium, it appears that the diminishing mortality has 
been the result of a combination of factors, especially modifications 
in the specific risk factors well known to be associated with coronary 
artery disease, and, in addition, the means used in the past decade 
to bring these specific risk factors under control. 

Similarly, in the data just presented, Dr. Loop concludec that 
the reduction in morbidity and mortality with coronary bypass is 
a result of several key factors. For example, he calls attention to 
low perioperative myocardial infarction rates in the past two years, 
now only 1.296, which he believes may well be the result of the 
introduction of cold cardioplegia in 1977. 

In view of the great current interest in cold cardioplegia, 1 would 
like to ask Dr. Loop to relate to us his present indications for its 
use and his current technique as well as his assessment of its 
significance. 


Dr. MORTIMER J. BUCKLEY (Boston, Massachusetts): Dr. Loop 
has just passed over the top of a detailed analysis of probably the 
largest accumulation concerning a single operation that has occurred 
in the field of surgery in a ten year interval, at least in one institution. 

I think it is important to place some of this material in the setting 
of today's knowledge about coronary disease, particularly the feel- 
ings that have been evinced in the press and other areas. At times, 
people have said that this material covered a selected group of pa- 
tients, possibly the lowest-risk group. Dr. Loop's detail showed 


to us today that the high-risk patient is involved in this surgical 
practice, and the results are outstanding with all of those patients. 

Today we are also met by the concept of random studies. We 
heard it in the previous paper. lt has been brought up at other 
times. How do we solve this problem? 

If we look at the material that has come from the two major 
random studies in the United States, supported by federal agencies, 
we have to look at the study of unstable angina as one of those. 
This was supported by the NIH. We were part of it. The medical 
grouping there would say that in a detailed study of patients it is 
evident that coronary operations have little to offer to the patient 
with unstable angina. They do not Bring out in close detail that 
that study involved a 40% transfer of patients from medical treatment 
to surgical treatment, and these patients are still kept in the category 
of medically treated patients. 

How then can we explain this mortality of less than 5% in that 
group of patients? While other random studies heard so much by 
all of us and seen in the New England Journal of Medicine, other 
journals throughout the world bring out an equivalent result with 
surgery and medicine. There the surgical mortality ran extremely 
high, compared with those numbers that we have seen today, and 
the medical therapy did not clearly bring that more than 17% of 
the patients transferred from medicine to surgery because of the 
intractable nature of their problem. 

| would like to ask Dr. Loop: Can he elucidate for us that the 
number of grafts that are now being carried out, often as a challenge 
of surgical expertise to see if we could do six, seven and eight 
distal grafts in some patients, is a necessary correlation with his 
increased survival rate, or is it a more agressive approach to the 
patient in the operating room a more careful attention to the detail 
of the operation, prevention of complications from the operation, 
and good patent grafts to the major vessels feeding the heart? 


Dr. NICHOLAS T. KoucHoukos (Birmingham, Alabama): A major 
and as yet incompletely unanswered question is whether the im- 
proved results now emanating from many centers are due to the 
selection of a more favorable group of patients for operation. The 
data presented indicate that this is not true and I would like to 
present data from our own surgical series which support these 
findings. 
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(slide) This shows the extent of coronary occlusive disease among 
3057 patients undergoing isolated coronary bypass grafting proce- 
dures during an eight year interval ending in December of 1977. 
The patients were grouped into two four year intervals. We ob- 
served a substantial increase in the number of patients with three- 
vessel disease during the second four year interval and a correspond- 
ing decrease in the number with single- and double-vessel disease. 
We observed, as did Dr. Loop, a consistent percentage (approxi- 
mately 15%) of patients presenting with disease of the left main 
coronary artery. 

(slide) Among a proportion of the patients in both groups in whom 
left ventricular ejection fraction was determined, we observed a 
higher percentage of patients with a severe depression of left ven- 
tricular function in the later four year interval. 

(slide) There was a progressive decline in the hospital mortality, 
similar to that noted by Dr. Loop, and for the 757 patients operated 
upon in 1977, this mortality was 0.9%. This reduction in mortality 

“occurred despite an increase in the complexity of the procedure. 
In 1970, the average number of grafts inserted was 1.3, and by 1977 
it had increased to 3.4. We have also observed a progressive decline 
in the perioperative infarction rate, and agree with Dr. Loop that 
improved patient management, particularly improved methods of 
myocardial protection, and perhaps more complete revascularization, 
are the factors most responsible for the improved results. 
_ Why are the low early mortality and cardiac-related morbidity 
Important? Dr. Loop has indicated in the manuscript that the five 
year survival rate of patients with two- and three-vessel disease 
treated in the later time interval was improved by approximately 
5% over the earlier period. The difference was related almost ex- 
clusively to the reduction in early mortality. 

The failure to demonstrate the beneficial effect of bypass grafting 
on survival rates of patients with two- and three-vessel disease in a 
prospective study conducted by the Veterans Administration, which 
has generated considerable controversy, was related in a major way 
to the high early mortality. 

(slide) Here are shown the results of surgical and nonsurgical 
therapy in a subset of matched patients with three-vessel disease 
and normal left ventricular contractile patterns. The five year sur- 
vival rate for the patients managed non-operatively was 8097. For 
the patients managed with coronary bypass grafting, it was 96%, 
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a statistically significant difference. Unless hospital mortality is kept 
at a minimum, enhancement of survival rate will not be demonstrated 
in the subsets of patients with relatively favorable longterm survival 
rates managed without operation. 


DR. FrLovp D. Loop (Closing discussion): In reference to Dr. 
Sabiston's question, cold potassium arrest is used in almost all open 
heart operations, except for patients with one-vessel disease. The 
4° solution is instilled under pressure into the aortic root, and all 
distal anastomoses are accomplished during one period of aortic 
cross-clamping. In patients who require aortic valve operations, the 
cardioplegic solution is injected directly into the coronary orifices. 

With respect to Dr. Buckley's question, we do not subscribe to 
the shotgun approach to coronary arterial grafting. It has yet to be 
shown that six or seven bypass grafts extend longevity well beyond 
the traditional three or four grafts for patients with three-vessel 
disease. 

Dr. Kouchoukos, you and your colleagues at Alabama should be 
congratulated for your superb results in cardiac surgery and we 
are pleased that you have corroborated our coronary artery ex- 
perience. No other operation, except perhaps mastectomy for breast 
cancer, has been subjected to such intense scrutiny. Controversies 
have been intellectually stimulating and have sparked a great deal 
of reporting but most important is that they have directly forced 
a quality control on the field. The surgeon should be responsible 
for reviewing his results and the costs of this procedure on a regular 
basis. 

Today there is no excuse for mediocre performance. Cardiac sur- 
gery has been simplified and standardized, and the results of coronary 
arterial operations from many groups have shown that it provides 
effective rehabilitation and improved longevity during the first five 
postoperative years. In the earlier years the surgeon, as a variable, 
has affected late results; however, as the surgeon's skill and ex- 
perience in coronary artery operations improves, the variable be- 
comes more of a constant. We should not lose sight of the fact 
that we are trying to judge the influence of an operation on the 
natural history of the disease, not the performance of the surgeon. 
As methods of myocardial protection and management continue to 
evolve, I am convinced that within our lifetime, elective coronary 
arterial surgery can be performed with no mortality. 


Surgical Endocardial Resection for the Treatment of 
Malignant Ventricular Tachycardia 


ALDEN H. HARKEN, M.D., MARK E. JOSEPHSON, M.D., LEONARD N. HOROWITZ, M.D. 


ENTRICULAR TACHYCARDIA is a frequent post- 
V infarction and perioperative arrhythmia. Re- 
current ventricular tachycardia is less common, but 
is both physiologically and psychologically incapaci- 
tating when it occurs. Despite early reports of 
success with coronary artery bypass grafting as a 
treatment for these arrhythmias, recent series report 
disappointing results of revascularization with or 
without concurrent left ventricular aneurysmec- 
tomy.??" The purpose of this manuscript is to de- 
scribe a new surgical technique — endocardial excision 
— às a treatment for recurrent ventricular tachycardia 
in 12 patients. 


Methods 


Twelve consecutive patients with recurrent sus- 
tained ventricular tachycardia refractory to medical 
therapy underwent surgery for control of their ar- 
rhythmias. Ten men and two women ranged in age from 
44 to 68 years. All had coronary artery disease with 
documented myocardial infarction two weeks to 60 
months prior to surgery. Hemodynamic and angio- 
graphic catheterization revealed significant coronary 
artery disease (mean of 1.75 vessels with >70% ob- 
struction) and asynergy in all patients. Eight had an- 
terior and/or apical aneurysms. two had antero- 
lateral aneurysms, one had an inferior aneurysm, and 
one had inferior akinesis without a discrete aneurysm. 
In nine patients the aneurysm involved the septum. 
Ejection fractions ranged from 4 to 40% and six pa- 
tients had been considered inoperable by their re- 
ferring institutions. 

Preoperatively ventricular tachycardia recurred in 
each patient despite therapy with maximally tolerated 
doses of standard and available experimental agents. 
The drugs and doses included lidocaine (5 mg/kg intra- 
venously), procainamide (750—2000 mg intravenously 
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or6—12 g orally each day), quinidine (1.6—3 g each day), 
disopyramide (800— 1600 mg orally each day), diphenyl- 
hydantoin (1 g intravenously or 400 mg per day), and 
aprindine (300 mg orally per day). Propranolol (0.1 
mg/kg intravenously or 60—240 mg orally each day) 
was only employed in three patients; in the remain- 
ing nine patients propranolol was not tolerated due 
to left ventricular failure. Combinations of these agents 
had also failed to prevent the arrhythmias. Each 
patient had been hospitalized multiple times and 
required from 3 to 55 DC cardioversions and 1-20 
defibrillations. 

Prior to surgery 11 of the 12 patients underwent 
complete electrophysiologic study, including pro- 
grammed ventricular stimulation and catheter endo- 
cardial mapping." One patient underwent only 
programmed ventricular stimulation; rapid hemo- 
dynamic deterioration made catheter endocardial 
mapping impossible. In all 12 patients the ventricular 
tachycardia could be reproducibly initiated and ter- 
minated by programmed stimulation. In the patients 
in whom catheter mapping was accomplished pre- 
operatively, the ventricular tachycardia, regardless 
of morphology, was shown to originate in the area of 
the aneurysm. 

Prior to discharge all patients underwent repeat 
electrophysiologic study to assess the inducibility of 
ventricular tachycardia. 


Surgical Procedures 


A median sternotomy was performed and the aorta 
and right atrium cannulated in the routine fashion. A 
Teflon?-coated stainless steel plunge electrode (0.005 
inch in diameter) was inserted via a 25 gauge needle 
in the right ventricular free wall for pacing. Similar 
intramural electrodes were placed in the right ven- 
tricle and in the normal appearing left ventricle and 
used to record reference electrograms. In four pa- 
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Fic. 1. An operative photo- 
graph revealing a left ven- 
tricular apical ventriculot- 
omy retracted open with 
clamps. Normothermic car- 
diopulmonary bypass is 
initiated and ventricular 
tachycardia induced. The 
earliest site of arrhythmia 
origin is located on the ven- 
tricular endocardium with 
a bipolar electrode. 


tients a temporary transvenous electrode catheter, 
placed preoperatively in the right ventricle, was used 
for pacing and/or recording a reference electrogram. 

Epicardial mapping was then performed using 
standard techniques.*^* Bipolar electrograms were 
recorded at 50—66 predetermined epicardial sites with a 
hand-held probe or fingertip electrode with a 1 mm 
interelectrode distance. Three electrocardiographic 
leads (1, 2 and V, or V44) and the stable reference 
electrograms were recorded simultaneously with the 
exploring electrogram. Epicardial maps of both ven- 
tricles were obtained first during sinus rhythm. Ven- 
tricular tachycardia was then induced by programmed 
stimulation and the epicardial mapping procedure 
repeated. During ventricular tachycardia particular 
attention was directed toward mapping along the edges 
of the aneurysm. With the induction of ventricular 
tachycardia it was typically necessary to initiate 
normothermic cardiopulmonary bypass. 

Following epicardial mapping an incision was made 
into the aneurysm. In four patients this was done dur- 
ing sustained ventricular tachycardia. A standard left 
ventricular aneurysmectomy was performed. In 9 cases 
the aneurysm involved 2-6 cm of the septum and 
this segment could not be resected in the conven- 


= tional manner. Following the aneurysmectomy, pro- 








grammed stimulation was again undertaken. If the 
tachycardia was inducible, endocardial mapping of 
36-50 preselected sites along the aneurysmal border 
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and selected sites within the heart was performed"'!* 
with a bipolar stick electrode (Fig. 1). In one patient 
without a discrete aneurysm, a ventriculotomy was 
made in the scar, programmed ventricular stimulation 
repeated, and endocardial mapping of the induced 
ventricular tachycardia accomplished along the septal 
border of the akinetic segment. 

In nine patients the arrhythmia origin involved 
the area of the aneurysm or akinetic segment 
adjacent to the intraventricular septum. In the re- 
maining three cases, the tachycardia origin was 
located on the lateral edge of the aneurysm. In the 
cases in which a discrete aneurysm and septal 
origin were present, the edge of the aneurysm 
was grasped with clamps and the endocardium was 
undermined with scissors (Fig. 2). In this fashion 
an 8-25 cm? portion of endocardium extending 2-3 
cm beyond the edge of the aneurysm, including area 
overlying scar tissue, was removed. 

In the three patients in which the tachycardia 
originated from the lateral free wall of the left ven- 
tricle the endocardial excision was carried beyond 
the limits of the aneurysmectomy for 2-3 cm (Fig. 
3). In each case the resection involved 25-40% of the 
circumference of the aneurysmectomy. In the remain- 
ing patient without a discrete aneurysm, the left 
ventricle was opened through a posterior akinetic 
area (Fig. 4). The incision is made sufficiently lateral 
SO as not to necessitate inclusion of the posterior 
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Fic. 2. Operative photograph revealing a left ventricular aneurys- 
mectomy with edges held open. A large flap of endocardium is peeled 
off the septum in order to obliterate the arrhythmia origin. 


descending vessels in the ventriculotomy closure. 
Care was taken to avoid the base of the posterior 
papillary muscle. Endocardial resection of the pos- 
terior third of the interventricular septum was ac- 
complished through this incision. 

Six patients underwent concomitant coronary re- 
vascularization with vein bypass grafts. 


Results 


Eleven of 12 patients survived operation. The single 
operative death occurred in a patient with a 4% ejec- 
tion fraction and a recent (10 days) myocardial 
infarction. 

In all patients ventricular tachycardia could be 
induced by programmed ventricular stimulation intra- 
operatively. Of particular importance was the fact that 
following ventriculotomy and/or resection of the 
aneurysm the tachycardia either continued (in the four 
patients in whom this procedure was performed 
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during a stable ventricular tachycardia) or was in- 
ducible in !] of the 12 patients. Thus, in these 
patients aneurysmectomy using standard techniques 
failed to remove the tissue responsible for the 
tachycardia. 

Prior to discharge all patients underwent electro- 
physiologic study. In no instance could ventricular 
tachycardia be initiated by programmed stimulation 
including rapid atrial or ventricular pacing and the 
introduction. of single or double ventricular extra- 
stimuli from both the right and left ventricles. Despite 
the failure to initiate the tachycardia in these pa- 
tients, ventricular premature depolarizations were ob- 
served in all patients prior to discharge in a 24 hour 
period of Holter monitoring. All patients have been 
free of symptomatic sustained ventricular tachy- 
cardia for a follow-up period of 8 to 18 months. 
Repeat Holter monitoring in all patients reveals 
persistence of asymptomatic PVC's. No patients have 
symptoms of congestive heart failure or a low output 
state. i 

Discussion 

Ventricular aneurysmectomy with or without coro- 
nary vascularization is presently the most commonly 
employed surgical procedure for the ablation of drug 
resistent ventricular tachycardia. The efficacy of this 
form of therapy remains controversial and disap- 
pointing.^^'* A recent review of aneurysmectomy 
for recurrent ventricular tachycardia concluded that 
the results of this procedure were extremely variable 
with a lower success rate for abolition of the ar- 
rhythmia and increased mortality in patients with 
severe myocardial dysfunction or recent infarction.” 

Alternative methods of surgical abolition of ventricu- 
lar tachycardia include cardiac sympathectomy.” 
cryosurgery,’ electrocoagulation,!! cardiac pacing.' 
and encircling ventriculotomy." Results have been 
inconsistent. 

Spielman and associates have documented sites 
of epicardial ventricular tachycardia breakthrough 
that are 5 mm-6 cm distant from the endocardial 
site of tachycardia origin. These observations in dogs 
perhaps explain the variable and disappointing results 
with nondirected surgery or surgical excision directed 
by epicardial electrophysiological mapping. 

The technique of endocardial excision directed 
by intraoperative endocardial mapping has proven ef- 
fective in eliminating ventricular tachycardia in our 
{2 patients. We believe that surgery for cardiac 
arrhythmias is now on a firm electrophysiologic 
foundation. The techniques described in this study 
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Fic. 3. Operative photo- 
graph revealing a left ven- 
tricular aneurysmectomy. 
The tachycardia originated 
from the endocardial sur- 
face of the left ventricular 
free wall. The free wall en- 
docardium is excised for 2— 
3 cm beyond the limits of 
the aneurysmectomy. 


Fic. 4. Operative photo- 
graph revealing a posterior 
ventriculotomy in a patient 
with a posterior akinetic 
area, but no discrete aneu- 
rysm. The incision is made 
to avoid the posterior papil- 
lary muscle and sufficiently 
lateral so as not to neces- 
sitate inclusion of the pos- 
terior descending vessels 
in the ventriculotomy clo- 
sure. Endocardial resection 
of the posterior third of the 
interventricular septum 
was accomplished through 
this incision. 
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permit effective surgical treatment of recurrent ven- 
tricular tachycardia. Surgical therapy of refractory 


ventricular tachyarrhythmias is now rational, recom- 
mended and rewarding. 
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DISCUSSION 


DR. FRANK C. SPENCER (New York, New York): For at least four 
reasons, this report may be a major contribution with wide 
application. 

First, in patients with coronary disease, death of arrhythmias is 
common. How common is simply unknown, because autopsy after 
sudden death cannot differentiate between an arrhythmia and an 
infarction. We simply do not know how many people die of something 
that might be prevented by a operation like this, as opposed to 
recurrent infarction. 

Second, as Dr. Harken indicates, the current therapy for arrhyth- 
mias is unsatisfactory, including antiarrhythmic drugs, coronary by- 
pass, or excision of aneurysm. One rather sobering and disappointing 
example is the data from the West Coast about successful cardio- 
pulmonary resuscitation by laymen of someone who fibrillates on the 
street. On follow-up study one or two vears later, a high mortality is 
found, probably from recurrence of the same problem, again il- 
lustrating the limitation of current forms of therapy. 

Thirdly, the operative technique described by Dr. Harken provides 
a plausible explanation of the problem. He is mapping an electrically 
unstable area that is probably a mixture of scar and muscle, which 
would normally not be excised with a ventricular aneurysm and might 
not be treated by coronary bypass. 

Finally, to speculate a bit, all of these patients had aneurysms, but 
death of arrhythmias, as mentioned earlier, may be common. With 
increasing use of Holter 24-hour monitoring, it is entirely conceivable 
that potentially malignant arrhythmias may be recognized and the 
patients operated upon simply for excision of the lethal myocardial 
scar. Hence this may not be limited surgically to the patient with 
aneurysm and arrhythmias. 

As referred to in the manuscript, but not mentioned because of 
pressures of time, Cabrol in France and members of Dr. Sabiston’s 
department at Duke have been studying a different technique, termed 
“encircling endocardial myotomy,'' again focusing upon the realiza- 
tion that simple excision of the area is inadequate, and one needs to 
get beyond the zone of excision to the endocardial scar. With all of 
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these new developments, only long-term evaluation of results from 
several institutions will make a final decision about the value of this 
technique. At present, with 15 patients operated upon between two 
and 24 months, the results are most encouraging. 

I have only two questions. It made me a little nervous watching the 
recurrent tachycardia with the intact heart. Did you have any emboli 
from dislodgment of clot? Second, do you need both forms of 
mapping? I could not determine how much the operation was 
mapping and how much was cutting. Do you have to map both inside 
and outside, or can you simply open the aneurysm, excise it, do your 
mapping on the inside, excise that, and simplify your procedure? 

These are minor technical points. 


Dr. ALDEN H. HARKEN (Closing discussion): This paper is pure 
clinical investigation. We are obviously still trying to learn much 
about arrhythmias, and this remains a tiny clinical problem. 

With better methods of resuscitation and CPR, we are seeing many 
more of these patients. However, we are still just learning about 
ventricular arrhythmias. We, therefore, have been performing the 
epicardial maps and endocardial maps intraoperatively, recognizing 
that in all probability, at least right now, the epicardial maps are not of 
value to us, but they are done primarily so that we can learn more 
about these kinds of arrhythmias. 

In answer to your question of the emboli, opening a normothermic, 
beating heart certainly did worry me. I felt that if we had adequate 
decompression of the ventricle, I could open the ventricle so that 
there would be no override, there would be no expulsion of air or clot 
into the aorta; in fact, we have been fortunate in that area. 

As you could see in one of those slides, there was a large mural 
thrombus there, but we have had no incidence of long-term neuro- 
logic deficit. 

I believe that the problem of the magnitude of the problem is a real 
one. As I have stressed, this is pure clinical investigation. We are still 
trving to learn about the management of arrhythmias. Although these 
are, at least, to me, encouraging results, and we are now up to about 
28 or 26 patients with similar results in the second 12 as with the first 
12, 1 am loath to make any long-term predictions as to whether this is 
going to be anything of therapeutic value for many people. 
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WARNING 

Patients treated with aminoglycosides by any route should be 
under close clinical observation because of the potential toxicity 
associated with their use. As with other aminoglycosides, the ma- 
jor toxic effects of kanamycin sulfate are its action on the auditory 
and vestibular branches of the eighth nerve and the renal tubules. 
Loss of high frequency perception usually occurs before clinical 
hearing loss and can be detected by audiometric testing. There 
may not be clinical symptoms to warn of developing cochlear 
damage. Vertigo may occur and may be evidence of vestibular 
injury. Renal impairment may be characterized by decreased 
creatinine clearance, the presence of cells or casts, oliguria, 
proteinuria, decreased urine specific gravity, or evidence of in- 
creasing nitrogen retention (increasing BUN, NPN or serum 
creatinine). 

In patients with impaired kidney function, the risks of severe 
ototoxic and nephrotoxic reactions are sharply increased. In such 
cases, either the total daily dosage should be reduced, or the in- 
terval between doses lengthened, or both. Assessment of renal 
function and audiograms should be obtained before treatment if 
possible and monitored frequently during the course of therapy 
(see "Precautions ). If there is evidence of progressive renal dys- 
function (increasing NPN, BUN, serum creatinine or oliguria) dur- 
ing therapy, audiometric tests are advised and discontinuation of 
the drug should be considered. 

Elderly patients, patients with preexisting tinnitus or vertigo or 
known subclinical deafness, those having received prior ototoxic 
drugs, and patients receiving a total dose of more than 15 g of 
kanamycin sulfate should be carefully observed for signs of eighth 
nerve damage. Loss of hearing may occur in such patients even 
with normal renal function. 

Neuromuscular blockade with respiratory paralysis may occur 
when kanamycin sulfate is administered intraperitoneally con- 
comitantly with anesthesia and muscle-relaxing drugs. Although 
there have been isolated reports of respiratory depression follow- 
ing intraperitoneal instillation of kanamycin, there is no conclusive 
proof that this side effect can be produced with recommended 
doses of the drug. 

The concurrent and/or sequential systemic or topical use of 
kanamycin and other potentially ototoxic, nephrotoxic, and/or 
neurotoxic drugs, particularly streptomycin, polymyxin B, colis- 
tin, neomycin, gentamicin, cephaloradine, paromomycin, tobra- 
mycin, amikacin, vancomycin and viomycin should be avoided 
because the toxicity may be additive. 

Kanamycin sulfate should not be given concurrently with potent 
diuretics (ethacrynic acid, furosemide, meralluride sodium, so- 
dium mercaptomerin, and mannitol}. Some diuretics themselves 
cause ototoxicity, and intravenously administered diuretics may 
enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 





CONTRAINDICATIONS: 

A history of hypersensitivity or toxic reaction to one aminoglyco- 
side may also contraindicate the use of any other aminoglycoside, 
because of the known cross-sensitivity and cumulative effects of 
drugs in this category. 

THIS DRUG IS NOT INDICATED IN LONG-TERM THERAPY (e.g. 
Tuberculosis) BECAUSE OF THE TOXIC HAZARD ASSOCIATED 
WITH EXTENDED ADMINISTRATION. | 


WARNING: 
See “Warning” box above. 


PRECAUTIONS: 

Ototoxicity: In patients with renal dysfunction an audiogram should 
be obtained before treatment and repeated frequently during ther- 
apy. Therapy should be stopped if tinnitus or subjective hearing loss 
develops, or if follow-up audiograms show loss of high frequency 
perception. 

It should be emphasized that since renal function may alter appre- 
ciably during therapy, the serum creatinine should be checked daily 
or more frequently. Changes in the concentration would, of course, 
necessitate changes in the dosage frequency. 

Nephrotoxicity: Because of the high concentration of kanamycin 
sulfate in the urinary excretory system, patients should be well- 
hydrated to prevent chemical irritation of the renal tubules. Kidney 
function should be assessed by the usual methods, e.g., urinalysis, 
BUN, serum creatinine, prior to starting therapy and periodically dur- 
ing the course of treatment. If signs of renal irritation appear, such as 


casts, white or red cells, and albumin, hydration should be increased 
and a reduction in dosage may be desirable. These signs usually 
disappear when treatment is completed. However, if azotemia or a 
progressive decrease in urine output occurs, treatment should be 
stopped. 

The possibility of neuromuscular blockade with respiratory paraly- 
sis should be considered if aminoglycosides are administered by 
any route in patients receiving anesthetics, in patients receiving 
neuromuscular-blocking agents such as tubocurarine, succinylcho- 
line, decamethonium, or in patients receiving massive transfusions of 
citrate-anticoagulated blood. In aH cases, patients should be observed 
carefully for signs of respiratory depression. If blockade occurs, cal- 
cium salts or neostigmine may reverse this phenomenon. 

NOTE: The risk of toxic reactions is low in well-hydrated patients 
with normal kidney function, who receive a total dose of 15 g of 
kanamycin or less. 

Because of the possibility of additive effects of other potentially 
ototoxic, neurotoxic, and/or nephrotoxic drugs, the concurrent or se- 
quential administration of these drugs with kanamycin sulfate should 
be avoided (see Warning box). 

Increased nephrotoxicity has been reported following concomitant 
parenteral administration of aminoglycoside antibiotics and cephalo- 
thin. 

Since kanamycin sulfate and methicillin inactivate each other in 
vitro, they should not be physically mixed together in the same solu- 
tion intended for parenteral administration. However, this inactiva- 
tion has not been demonstrated in patients who receive both drugs 
by different routes of administration. 

Elderly patients may have reduced renal function which may not 
be evident in the results of routine screening tests, such as BUN or 
serum creatinine. A creatinine clearance determination may be more 
heloful. Monitoring of renal function during treatment is particularly 
important in such patients. 

Aminoglycosides should be used with caution in patients with 
myasthenia gravis since these drugs may aggrevate muscle weakness 
because of their curare-like effect on the neuromuscular function. 

Kanamycin sulfate should not be given concurrently with potent 
diuretics (see "Warning" box). 

Neurotoxic and nephrotoxic antibiotics may be absorbed from body 
surfaces after local irrigation or application. The potential toxic effect 
of aminoglycosides administered in this fashion should be considered 
(see "Warning" box}. 

Cross-allergenicity among aminoglycosides has been dem- 
onstrated. 

As with other antibiotics, kanamycin sulfate administration may 
result in overgrowth of nonsusceptible organisms, including fungi. If 
superinfection occurs, appropriate therapy should be instituted. 

Pregnancy: Reproduction studies have been performed ín rats and 
rabbits and have revealed no evidence of impaired fertility or terato- 
genic effects. Dosages of 200 mg/Kg/day in pregnant rats and preg- 
nant guinea pigs led to hearing impairment in the offspring. There are 
no well-controlled studies in pregnant women but clinical experience 
does not include any positive evidence of adverse effects on the 
fetus. Although there is no clearly defined risk, such experience 
cannot exclude the possibility of infrequent or subtle damage to the 
fetus. Kantrex should be used in pregnant women only when clearly 
needed. 


ADVERSE REACTIONS: 

Nephrotoxicity —Albuminuria, presence of red and white cells, and 
granular casts, azotemia and oliguria have been reported. 

Ototoxicity — Tinnitus, vertigo, and partial reversible to irreversible 
hearing loss have been reported, usually associated with higher than 
reccmmended dosage. Rapid development of hearing loss has been 
reported in patients with poor kidney function treated concurrently 
with kanamycin and one of the rapid-acting diuretic agents given 
intravenously. These have included ethacrynic acid, furosemide, and 
mannitol. 

Other — Some local irritation or pain may follow intramuscular injec- 
tion. Other adverse reactions of the drug reported on rare occasions 
are skin rash, drug fever, headache, and paresthesia. 


OVERDOSAGE: 

In the event of overdosage or toxic reaction, hemodialysis or peri- 
toneal dialysis will aid in the removal of kanamycin from the blood. 
In the newborn infant, exchange transfusions may also be considered. 


SUPPLY: 

Kantrex Injectable—500 mg. per 2 ml. 
Disposable Syringe (500 mg. per 2 ml.) 
19g per 3 ml. 

Ped Injectable-—75 mg. per 2 ml. 


©Copyright 1979 
® | BRISTOL LABORATORIES 
BRISTOL Div. of Bristol-Myers Company 


Syracuse, New York 13201 





The CyberLith. 


A remarkable new multi-programmabk 
pacing system. 





When Thomas Edison wed his incandescent lamp to 
a practical electrical distribution network, he 
created a lighting system that was to revolutionize 
the way man lived. 

Intermedics took its cue from the 
scientific genius of men like Edison and 
became the first pacemaker manufacturer 
to offer an unprecedented range of pro- 
grammable pacemaker functions in a total, 
fail-safe, heart bacing system. 

The multi-programmable CyberLith system. 





Always maintaining a close relationship with its cus- 
tomers, Intermedics was quick to realize that physicians 
were demanding greater control in their use of multi- 
programmable pacemakers. Control that would enable 
them to respond precisely to their patients' problems. 
Now, the CyberLith System puts that control in your 
hands. Our CyberLith (Model 253-05) gives you: 


— e Versatility, with 15 pacing rates ranging from 20 to 120 ppm 
; * Flexibility, with 15 pulsewidths varying from 0.15 to 2.29 mse 
A e Responsiveness, with 7 sensitivity levels. 

| | e Adaptability, with three operating modes—R-wave inhibite 
-` m (demand), asynchronous (fixed rate), or R-wave synchronot 


Ay 


7 ee (demand ). 


This unparalleled range of programmable features is 
made possible by custom CMOS (complementary metal- 
oxide-semiconductor) integrated circuitry, recognized for 
its high reliability and low power consumption. 

CyberLith functions may be programmed individually 
or in combination, using a battery-powered portable Pro- 
grammer. Reprogramming is automatically confirmed, 
and an advanced fail-safe feature guards against acciden- 
tal reprogramming. 








Compazine 


ie 5 mg./ml 


prochlorperazin 

















For prompt control 





of severe 


nausea and vomiting. 


¢ Unsurpassed antiemetic action 
*12 dosage forms and strengths 


Compazine 


brand of 


prochlorperazine 


NOTE: Do not use 'Compazine' in pediatric surgery. 
Not recommended for children under 20 Ibs. or 2 years 
of age. In children with acute illnesses or dehydration, 
use only under close supervision. 


Before prescribing, see complete prescribing information 
in SK8 F literature or PDR. The following is a brief 
summary. 

Indications: Management of the manifestations of psy- 
chotic disorders; management of psychoneurotic patients 
displaying primarily symptoms of moderate to severe 
anxiety and tension; and for control of severe nausea 

and vomiting. 


Compazine' has not been shown effective in the manage- 
ment of behavioral complications in patients with mental 
retardation, 


Contraindications: Comatose or greatly depressed states 
due to C.N.S. depressants; bone marrow depression; 
pediatric surgery. 


Warnings: The extrapyramidal symptoms which can occur 
secondary to 'Compazine' may be confused with the 
central nervous system signs of an undiagnosed primary 
disease responsible for the vomiting, e.g., Reye's syn- 
drome or other encephalopathy. The use of ‘Com pazine’ 
and other potential hepatotoxins should be avoided in 
children and adolescents whose signs and symptoms 
suggest Reye's syndrome. 


Avoid using in patients hypersensitive (e.g.. blood dyscrasias 
or jaundice) to any phenothiazine. Caution patients about 
activities requiring alertness (e.g., cperating vehicles or 
machinery) especially during the first few days' therapy. 
Prochiorperazine may intensify or prolong the action of 
other C.N.S. depressants. Not recommended for children 
under 20 pounds or 2 years of age. 

Use in pregnancy only when potential benefits outweigh 
hazards. 

Precautions: The antiemetic action of ‘Compazine’ may 
mask the signs and symptoms of overdosage of other drugs 
and may obscure the diagnosis and treatment of other 
conditions such as intestinal obstruction, brain tumor and 
Reye's syndrome (See WARNINGS). Postoperative aspiration 
of vomitus has occurred in a few surgical patients who 
received prochlorperazine as an antiemetic. Deep sleep and 
coma have been reported, usually with overdosage. Patients 
on long-term therapy, especially high doses, should be 
evaluated periodically for possible adjustment or discon- 


tinuance of drug therapy. In children with acute illnesses or 
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a SmithKline company 





dehydration, use only under close supervision. 


Adverse Reactions: Drowsiness, dizziness, amenorrhea, 
blurred vision, skin reactions. Hypotension. Cholestatic 
jaundice, leukopenia, agranulocytosis. Fatty changes in the 
liver have been observed in a few patients who died while 
receiving the drug (no causal relationship has been estab- 
lished). Neuromuscular (extrapyramidal) reactions: motor 
restlessness, dystonias, pseudo-parkinsonism, persistent 
tardive dyskinesia. Contact dermatitis is a possibility with 
concentrate and injectable forms. 


Other adverse reactions reported with Compazine 
(prochlorperazine, SK&F) or other phenothiazines: Some 
adverse effects are more frequent or intense in specific 
disorders (e.g., severe hypotension in mitral insufficiency 
or pheochromocytoma). 


Grand mal convulsions; altered cerebrospinal fluid proteins; 
cerebral edema; prolongation and intensification of the 
action of C.N.S. depressants, atropine, heat and organo- 
phosphorus insecticides; dryness of mouth, nasal con- 
gestion, headache, nausea, constipation, obstipation, 
adynamic ileus, inhibition of ejaculation; reactivation of 
psychotic processes, catatonic-like states: hypotension 
(sometimes fatal); cardiac arrest; pancytopenia, thrombo- 
cytopenic purpura, eosinophilia; biliary stasis; lactation, 
galactorrhea, gynecomastia, menstrual irregularities, false- 
positive pregnancy tests; photosensitivity, itching, erythema, 
urticaria, eczema up to exfoliative dermatitis; asthma, 
laryngeal edema; angioneurotic edema, anaphylactoid 
reactions; peripheral edema; reversed epinephrine effect; 
hyperpyrexia; a systemic lupus erythematosus-like syn- 
drome; pigmentary retinopathy; with prolonged administra- 
tion of substantial doses, skin pigmentation, epithelial 
keratopathy, and lenticular and corneal deposits. 


EKG changes have been reported, but relationship to 
myocardial damage is not confirmed. Discontinue long- 
term, high-dose therapy gradually. 


NOTE: Sudden death in patients taking phenothiazines 
(apparently due to cardiac arrest or asphyxia due to failure 
of cough reflex) has been reported, but no causal relation- 
shi» has been established. 


Supplied: Tablets — 5, 10 and 25 mg., in bottles of 100; 
Spansule® capsules — 10, 15, 30 and 75 mg., in bottles of 
50: Injection — 5 mg./ml. in 2 ml. ampuls, 10 ml. vials, 
and 2 mi. disposable s es; Suppositories — 2-1/2, 5 
and 25 mg.; Syrup — 5 mg./5 ml.; Concentrate (intended 
for institutional use only)— 10 mg./ml.; Single Unit Pack- 
ages of 100 (intended for institutional use only) — 5 and 
10 mg. tablets; 10, 15 and 30 mg. 'Spansule' capsules. 


Smith Kline SFrench Laboratories 
Phiadelphia, PA 
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24^ Fifth Edition 


Rhoads 
TEXTBOOK OF 
SURGERY 
Principles and Practice 


Edited by JAMES D. HARDY, M.D. 
with 279 contributors 


Although technically a Fifth Edition of Surgery: 
Principles and Practice, this revision is new in 
title, editor, contributing authors, content, ap- 
proach, and format. it has been reorganized 
into three major parts: General Principles of 
Surgical Practice; Specific Lesions and Dys- 
functions Involving Various Organs; and 
Parasurgical Considerations. 


The approach is now problem-oriented and this 
outstanding volume considers virtually all 
current problems in surgery. 


More than 270 contributors give you an 
enormous geographical and philosophical range 
in one volume. Each is well known in his field 
and discusses management of a specific 
problem. Included in each of the hundreds of 
topics discussed are basic features of the opera- 
tion including a table of basic facts; an overview 
of the concept under discussion; description of 
specific pathological conditions; surgical 
history; physiology; a pathophysiological 
diagram and an anatomical sketch whenever 
feasible; many excellent illustrations of disease 
processes and treatment procedures; possible 
technical errors; safeguards; postoperative 
problems; and complications. 


2354 Pages / 1738 Illustrations / 313 Tables 
5th Edition, 1977 / One Volume Format. $38.50 
Two Volume Format: $45.00 


Now AvailableinEither OneorTwoVolumeForm! 


J. B. LIPPINCOTT COMPANY 
East Washington Square 6 Phila., Pa. 19105 


in Canada: J. B. Lippincott Company of Canada Ltd. 
75 Horner Avenue, Toronto, Ontario M8Z 4X7 
Please send me: 


Rhoads TEXTBOOK OF SURGERY 
g 1 Vol. $38.50 o 2 Vols. $45.00 
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(Save postage and handling) (Plus postage and handling) 

Aiso available at your medical bookstore. AS 10/79 
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Tablets 


oxycodone with APC @ 


Tablets 


PERCODAN-Demi 


oxycodone with APC C 





Brief Summary of Prescribing Information 


INDICATIONS For the rebel of moderate to moderately severe pam 


CONTRAINDICATIONS Hypersensitivity fo oxycadone. asman, phenacetin or 
catteine 


WARNINGS Grug Dependence Üxycodone can produce drug dependence af 
the morphine type and. therefore. has the potential for bemg abused 
Psychic. dependence. physica dependence and tolerance may develop 
yes té peated adminisitatian af PERCOD DAN* and PERCODAN*. Demi, and 
1 should be prescnbed an administered with the same degree of caution 
appropn ate to the use of other oral narcotacontanung medications. Like 
oiher narcobiccontaimng medicatiins PERCODAN" and PERCODAN" 
Dem: are subject io the Federal Controlled Substances Ac! 
Usage in ambulatory patients Oxycodone may ising the mental and i 
physical abdihies required. for the performance of potentanty hazardous 
tasks Such as dmving g car or operating machinery The patient. using 
PERCODAN® and PERCODAN* Dem: should be cautioned accordingly. 
interaction with other central nervous system depressants Patients 
iecelving other fertale analgesics. general anesthetics, phenothiazines, 
other tranqutlizers. sedatwe-hypnotics or other CNS depressants ünclud- 
ing alcohol) concomitantiy wilh PERCODAN® and PERCODAN® Dem may 
exhibit an additive CNG depression When such combined therapy is con- 
templated. the dose al one or both agents should be reduced 
Usage in pregnancy Safe use in pregnancy has not been established rela: 
nye to possible adverse effects on fetal development, Therefore 
PERCODAN® and PERCODAN*-Demi should not be used in pregnant 
women unless in the judgment af the physician. the potential benefits 
eulweigh the poss wie hazards. 
Usage in chidren PERCODAN* should nol be administered to children 


PFRCODAN* -Demi contaimag half the amount of axycodone, can be con- 
siarad, 











Salicylates should be used with caution in the presence of peptic ulcer o! 
coagulation abnorgiauties 


PRECAUTIONS Head injury and increased intracranial pressure The res 
piratory depressant effects af farcatics and ther capacdy to elevate 
cerebiospinal fient pressure may be matkediy exaggerated in the presence 
af head injury. offer in! orandi lesijns Qf 3 pre-existing increase im 
itractanial pressure Furthermore, narcotics produce adverse reactions 
which may obscure the clinical course of patients with head imunes 

Acute abdominal conditions The administration of PERCODAN" and 
PERCODAN* -Dem: or other namcotics may obscure the dhagnasis oF cini 
cat course m patients with acute abdominal conditions 

Special risk patients PERCODAN^ and PERCODAN" Dem: should be 
given wilt caution to certain patients such as the elderly or dehibtated 
and those with severe unpanment of hepatic or renal function, hygothy- 
midan, Addison s disease, anc prostatic hypertrophy or usethral structure 
Phenacetin has been reported to damage the kidneys when taken im 
excessive amounts ior a iong tum 


ADVERSE REACTIONS The most frequently observed. adverse reactions 
include light-headedness, dizziness. sedation. nausea and vomiting 
These effects seent to be more prominent m ambulatory than in nonambu 
katon patienti. and some of these adverse teachons may be alleviated if 
the patient lies dowa 

Other averse reactions inciuce euphona. dyspheria. constipation. and 
pruntus 

DOSAGE AND ADMINISTRATION Dosage shouid be adjusted according to 
the seventy of the pain and the response of the patent. It may occasion: 
ally be necessary to exceed the usual dosage recommended below on 
cases of more severe pain or in those patients who have become tolerant 
io the analgesic effect of narcobes. PERCODAN* and PERCODAN* -Demi 
are pen orally 

PERCUDAN* The usuai adult dase is ane tablet every 6 hours as needed 
for pain. 

PERCODAN -Demi Adults~Gne or two tablets every six hours. Chidnen 
id years and older--Gne-half tablet every six hours. Children 6 fo 12 
years One-quarter tablet avery six hours. PERCODAN? -Demi is. not 
indicated for chiidres under 6 years of age. 


DRUG INTERACTIONS The CNS depressant effects of PERCODAN* and 
PERCODAN Demi may be additive with that of other CNS depressants 
See WARNINGS. 

Aspurin may enhance the effect of anticoagulants and inhibit the unt- 
sunc effect of uricosunc agents. 

BEA Order Form Required, 5674-1/6078- 185 
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New Second Edition! 


HERNI 


Edited by 


Lloyd M. Nyhus, M.D. 
and 


Robert E. Condon, M.D. 
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Lippincott 


J. B. LIPPINCOTT COMPANY 


East Washington Square e Phila., Pa. 19105 
in Canada: J. 8. Lippincott Company of Canada Ltd. 


75 Horner Avenue, Toronto, Ontario M8Z 4X7 


Please send me: 





Nyhus & Condon: HERNIA 2nd Ed. ........ $59.00 
Name. ones pee et et Sareea 
Address cose Slee EDI DRESDEN AEAT 
CRY exits co ce E cles I ID sence 


G Payment enclosed 
iSave postage and handling) 


Also available at your medical bookstore. AS 10/79 
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(Plus postage and handling) 
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“The book to end all books on hernia”... “Magnifi- 
cent’... “recommended unreservedly”... "a sum- 
mation of today's best total hernia knowledge" are 
just a small sampling of the international acclaim 
which greeted the publication of the first edition of 
this major work on hernia. Dr. Nyhus has now joined 
with a new co-editor, the noted surgeon Dr. Robert E. 
Condon, to bring this tremendous opus up-to-date in 
a New (2nd) Edition. 


The many additions and revisions to this classic text 
fulfill the editors' goal of bringing together, in one 
definitive volume, all established and innovative 
concepts of hernial etiology, diagnosis, and repair. 
They reflect the current emphasis on specific types of 
hernias and certain therapeutic techniques. For 
example, of special interest in this edition is the 
considerably expanded section on hernias of the 
diaphragm, which represents the only truly compre- 
hensive review of this clinically important condition 
that is presently available. A helpful discussion of the 
Shouldice approach and experience is also included. 


The popular format of the original book has been 
retained, giving the readers the very best, most up-to- 
date information in every area of hernial surgery, 
from world-renowned contributors. The chapters are 
again followed by Special Comments from invited 
experts, followed by Editorial Comments by the 
editors. 


782 Pages 
2nd Edition, 1978 


457 Illustrations 
$59.00 
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a Cartridge loaded 
disposable 

clip applier 





Auto Suture’ 


SURGICLIP 


clip system 


from United States Surgical Corporation forerunners in surgical stapling 





the Auto Suture’ 


SURGICLIP 


cartridge loaded clip / / applier 








IT'S DISPOSABLE 


with twenty clips at your fingertips! 


Eliminates awkward 
loading methods 
and dropped clips. 


Eliminates tedious 
passing of instruments. 





Auto Suture’ 


SURGICLIP 


clip system 


Disposable applier with 
twenty clip cartridge comes 
sterile packed and 

ready for use. 


"win 


T 
d 
ñ 


^ 
PHE Si 
pe "3631: 2 


AOI 


Fr 
ett Oe 
wees 
eas) 
tore 
rien 
Geeks te 
Fae’ 
Caution F 
ween 
Lo Ne 
e^ 





Two convenient applier lengths: 
9.5 inches and 11.0 inches. 





Angled head for 
ease of application. 





Auto Suture Company 
A division of United States Surgical Corporation 
Norwalk, CT. 06850 
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Summary of Clinical Data, as of September 25, 1978. 


Avg. Months Months 
Number Number 96 Weighted Maximum 
Operation type Implanted Patent Patency Experience Experience 
Above-Knee 
Fem- pop 
Ilio-fem 
Ilio-pop 
Fem-fem 
Pop-segmtl 
Aorta-pop 
Aorta-fem 
| Axil-fem 
Axil-bifem 
Aorto-iliac 
Fem-profunda 
Axil-pop 
Iliac-fem 
Iliac-pop | A: 
Others | X ~U. 
Group Totals LA 218 


Dm wn RS 





Helow- K ec 
Fem-dist-pop 958 792 8396 3.2 34 
Fem-ant-tibial 183 129 70% L5 19 
Fem-post-tibial 292 197 67% 2.6 38 
Fem-peroneal 11] 78 70% Lr 23 
Aorta-ant-tib 2 | 50% 0.0 0 
Ileo-post-tib 5 4 8096 1.2 6 
Ileo-pop 5 3 60% 3.0 5 
Fem-dorsalis ped 24 13 54% 3.0 12 
Aorto-dist pop 5 5 10096 4.8 7 
Iliac ant-tib 4 4 10096 32 8 
Axil-dist-pop 2 2 10096 11.0 13 
lliac-dist-pop 4 2 50% 0.5 l 
Pop-post-tib 2 2 10096 0.5 l 
Other 7 3 43% «0.5 l 
Group Totals 1604 1235 7796 2.8 38 
Cross-over Grafts ui 
Fem-fem 185 176 
Fem-pop of a3 
Fem-profunda fem 3 3 
Axil-fem 6 6 
Fem-distal pop l ] 
Others 4 3 
Group Totals 236 222 
omposite Grz | 
C-fem-distal-pop 9 9 
C-fem-ant-tib 3 3 
C-fem-post-tib l4 13 
C-fem-peroneal 4 4 
Group Totals " 30 29 
AV Fistulae 496 | 
Forearm 504 478 
Upper arm 370 352 
Arm 49 39 
Leg 101 98 
Group Totals 1520 1383 
Pulmonary Grá s | 
Aorta-pulm shunt 97 48 
Pulm reconstrts 3 2 
Subclav-pulm l l 
Group Totals 6l 51 
Other Arterial Grafts 
Renal artery 18 17 
Axil-axil 33 33 
Carot-subclav 92 50 
Aorto-coronary 15 11 
Aorto-renal 25 23 
Others 64 62. 
Group Totals 207 196 
Venous Grafts 38 34 
Patches 143 135 


Totals, All Operations 6291 5469 





In 1977, we said: “It is time 


" to consider GORE-TEX reinforced 


polytetrafluoroethylene (PTFE) 
vascular grafts as a viable alterna- 
tive to saphenous vein autografts! 
Has experience borne out that 
claim? Let's take another look. 


The GORE-TEX’ 
inforced PTFE araft 
rel l g 


If anecdotes were data, 
we'd have no trouble proving 
this point. Most surgeons who 
have used our grafts are high in 
their praise. 

It is, in the majority opinion, 
the first such graft to come close 
to the promises made for it. 

It is, according to observations 
and recent in vitro studies, 
relatively thromboresistant. And, 
when a thrombus forms, it is easy 
to de-clot. 

It is, according to theory but 
not yet confirmed by data, less 
likely to present embolism prob- 
lems later. (A thin, stable intima 
forms. Whether it’s a neointima, 
pseudointima, or true endothelium 
is open to debate—but the thin- 
ness is the key to logic of 
the theory.) 

It is, in its reinforced form, 
much more resistant than other 
versions of expanded PTFE to 
aneurysmal dilatation. It has high 
radial or bursting strength and 
high suture-holding power. 

And it is easy to handle and 
use. Unlike woven or knitted 
grafts, it will not ravel or 
fray. And it does not require 
pre-clotting. 

But is it, as we stated earlier, 
a viable alternative to the 
saphenous vein? 

Yes, if. 

Yes, if there is no vein 
available. 

Yes, if the vein is "borderline 
either in size or condition. 

Yes, if the patient's condition 
is such that a prolonged exposure 





to anaesthesia, or even to the delay 
in providing the vein, is critical. 

Yes, if there is the likelihood 
of cardiac surgery, for which the 
saphenous vein should be saved. 

Given those indications, the 
GORE-TEX graft is, indeed, a 
viable alternative to the saphenous 
vein. But unless those conditions 
exist, prudence and experience 
make the saphenous vein the graft 
of choice. 





Arteriogram of a GORE-TEX polytetra- 
fluoroethylene graft during flexion of the knee. 


of proof. 

As of September 25, 1978, 
there were approximately 
60,000 GORE-TEX vascular graft 
implants, with over 6,000 follow 
ups. The overall patency rate 
was 8796. 

Those data, sliced into what 
we hope are useful pieces, are 
presented in Table at left. 

A close look at the data will 
reveal one problem: average 
follow-up times. 

They're too short. 

The problem is two-fold. 

First, we are, of course, 
dependent on the voluntary coop- 
eration of surgeons for our follow- 
up data. And we know that if you 
were to provide all the data that 


all manufacturers wanted, you 
would have to spend all of your 
hours filling out follow-up forms. 
And, of course, even if you had the 
time, you can't keep up with all 
patients over a period of years. 
The second part of the 
problem is statistical. The use of 
GORE-TEX grafts is increasing so 
rapidly that we will, for a long 
time to come, have a far greater 
number of recent implants than 
of old ones. (For every GORE-TEX 
graft implant used three years ago, 
there are almost 100 used today. 
Our current reported rate-of-use is 
approximately 5,000 per month.) 
This necessarily skews our 
data average toward the more 
recent history. Which is also true 
for a life table method of data 
presentation. Even though the 
maximum experience reported in 
each category is in the two-to-three 
year range, the weighted averages 
are more like two-to-three months. 


On the last page of this 
advertisement, you'll find a bibli- 
ography of published experimen- 
tal and clinical reports on the use 
of GORE-TEX vascular grafts, and 
a coupon for your convenient use. 

One problem is that we know 
the list is not current. Additional 
papers are always being delivered, 
and published. If you would like 
us to keep you up-to-date as new 
reports appear, check the appro- 
priate box on the coupon. 

A more basic problem with 
these data, and ours, and all 
vascular statistics is the lack of 
uniformity in reporting. We're 
supporting efforts to establish 
some profession-wide protocols 
begun with a symposium at the 
1978 meeting of the American 
College of Surgeons. If you have 
any suggestions at all, we'd appre- 
ciate them. Just write to us. 


GORE-TEX” 
vascular grafis, 
in brief. 


GORE-TEX vascular 
grafts are made of expanded, low- 
density polytetrafluoroethylene 
(PTFE), reinforced by a strong, 
fine lattice of the same material 
wound about the exterior. 

GORE-TEX vascular grafts 
are easy to handle, with excellent 
resistance to kinking. And they 
exhibit high suture-holding 
power. They are, of course, fully 
biocompatible and, unlike 
knitted or woven prostheses, do 
not require pre-clotting. 

GORE-TEX vascular grafts 
for vascular surgery are available 
in a wide range of diameters. 

See next page for free 
GORE-TEX graft test-pack and 
complete bibliography, available 
as reprints. 


Free test-pack, 

Submit the handling and 
suture-holding characteristics 
of GORE-TEX grafts to the most 
meaningful test equipment: your 
own hands. Our test kit, not 
intended for actual surgery, 
includes a short length of a 
GORE-TEX graft and a 6-0 
double-armed suture. Try it for 
yourself. Also, take your choice of 
reprints of any of the experi- 
mental, clinical, and engineering 
reports listed. 


Current bibliography. 

1. Nonvein Bypass in Below-Knee Reoperation 
for Lower Limb Ischemia Steven J. Burnham, 
M.D., D. Preston Flanigan, M.D., James J. 
Goodreau, M.D., James S. T. Yao, M.D., Ph.D., 
and John J. Bergan, M.D., Chicago, Ill. Surgery, 
Sept., 1978 

2. Expanded Polytetrafluoroethylene as Dialysis 
Access Grafts: Serial study of Histology and 
Fibrinolytic activity R. Shack, M.D., W. Neblett, 
M.D., R. Richie, M.D., R. Dean, M.D. 

The American Surgeon Dec. 1977 . 


3. A Prosthesis For Blood Access In Patients with 
Thrombosis of Peripheral Vasculature 
T. Buselmeir, M.D., J. Rynasiewicz, M.D., 


D. Sutherland, M.D., R. Howard, M.D., T. Davin, 


M.D., S. Mauer, M.D., R. Simmons, M.D., 
J. Najarian, M.D., C. Kjellstrand, M.D. Dialysis 
and Transplantation August 1977 


4. A Synthetic Vascular Conduit (Expanded PTFE) 


For Hemodialysis Access — A Preliminary Report 
B. Pasternak, M.D., S. Paruk, M.D., S. Kogan, 
M.D., S. Levitt, M.D. Vascular Surgery 
Mar/April 1977 


5. Polytetrafluoroethylene Grafts for 
Arteriovenous Fistulae A. Mohaideen, M.D., 
M. Avram, M.D., R. Mainzer, M.D. N.Y. State 
Journal of Medicine Dec., 1976 

6. Arterial Prosthesis of Microporous Expanded 
Polytetrafluoroethylene for Construction of 
Aorta-Pulmonary Shunts A. Gazzaniga, M.D., 
J. Lamberti, M.D., R. Siewers, M.D., D. Sperling, 
M.D., W, Dietrick, M.D., R. Arcilla, M.D., 

R. Replogle, M.D. Journal of Thoracic and 
Cardiovascular Surgery Sept., 1976 


7. The Use of Expanded Microporous Polytetra- 
fluoroethylene for Limb Salvage: A Preliminary 
Report C. Campbell, M.D., D. Brooks, M.D., 
M. Webster, M.D., H. Bahnson, M.D. Surgery 
May, 1976 


8. Small-Vessel Replacement with GORE-TEX 
(Expanded Polytetrafluoroethylene) A. Florian, 
M.D., L. Cohn, M.D., G. Dammin, M.D., 

J. Collins, M.D. Archives of Surgery March, 1976 


9. A Small Arterial Substitute: Expanded 
Microporous Polytetrafluoroethylene: Patency 
Versus Porosity C. Campbell, M.D., D. Goldfarb, 
M.D., R. Roe, M.D. Annals of Surgery 

August, 1975 


10. Segmental Venous Replacement D. Smith, Lt. 
Cmdr. (MC) USN, J. Hammon, M.D., J. Anane- 
Sefah, M.D., R. Richardson, M.D., C. Trimble, 
M.D. Journal of Thoracic and Cardiovascular 
Surgery April, 1975 

11. Replacement of Portal Vein During 
Pancreatectomy for Carcinoma L. Norton, M.D., 
B. Eiseman, M.D. Surgery February, 1975 


12. Use of GORE-TEX Grafts for Replacement 
of the Superior and Inferior Venae Cavae 

Y. Fujiwara, M.D., J. Cohn, M.D., D. Adams, 
M.D., J. Collins, M.D. Journal of Thoracic and 
Cardiovascular Surgery May, 1974 


13. A New Vascular Prosthesis for Small Caliber 
Artery H. Matsumoto, M.D., T. Hasegawa, M.D., 
K. Fuse, M.D., M. Yamamoto, M.D., M. Saigusa, 
M.D. Surgery October, 1973 


14. A New Venous Prosthesis T. Soyer, M.D., 
M. Lempinen, M.D., P. Cooper, L. Norton, M.D., 
B. Eiseman, M.D. Surgery December, 1972 


15. Summary of Clinical Evaluation Data, 
May, 1977 W. L. Gore & Associates, Inc. 


16. Long-Term Dilatation Characteristics of 
GORE-TEX Vascular Grafts: Design Criteria 
W. L. Gore & Associates, Inc. 


Indications 
and 
Contraindications. 


To sterilize: 

Grafts may be sterilized using steam, gas 
or flash autoclave techniques. Remove the 
graft from the PVC blister tray and 
repackage for sterilization. Do not place 
the package label in contact with the graft 
during sterilization. Do not place objects 
on the repackaged graft during steriliza- 
tion. (See Contraindication #5, 6) 

Using steam, autoclave at or above these 
minimum requirements: 250° Fahrenheit 
(121° Centigrade) for 20 minutes at 15 p.s.i. 
Grafts should never be exposed to 
temperatures greater than 482° Fahrenheit 
(250° Centigrade). 

Using a flash cycle, sterilize at or above 
these standard minimum requirements: 
270° Fahrenheit (132° Centigrade) for 
3 minutes at 30 p.s.i. Grafts should never 
be exposed to wg oot greater than 
482° Fahrenheit (250° Centigrade). 

Using gas, sterilize according to 
equipment instructions. 


Indications: 

1. Use a 5-0 or 6-0 nonabsorbable suture 
with a cardiovascular needle for best 
results on graft diameters of 6mm or less. 
Larger sutures may be used with larger 
diameter grafts. 

2. Intra-operative inspection of 
anastomoses using irrigant solutions may 
result in serum leakage when blood flow 
is established in the graft. To prevent 
this, care must be taken not to generate 
syringe pressures sufficient to force 
irrigant through the graft walls. To do so 
will alter the hydrophobic (non-wetting) 
properties of GORE-TEX. (See Contra- 
indication #11) 

3. Trim grafts to desired length using 
sharp surgical instruments. Grafts should 
be handled with clean forceps or gloves. 
GORE-TEX grafts are not “elastic!’ There- 
fore, proper matching of lengths is 
essential. If the graft is cut too short, 
excessive stress may be placed on the 
sutures and the graft at the anastomosis. 
(See Contraindication #10) 

4. Ensure, when using this graft in blood 
access applications or where repeated 
needle punctures of the graft are necessary, 
that needle puncture sites are spaced apart 
along the accessible sub-cutaneous length 
of the graft. Repeated needle puncture of 
the graft at the same site, or within the 
same immediate area, may cause me- 
chanical damage to the graft which could 
lead to hematoma, false aneurysm or true 
aneurysm. Patients should be carefully 
monitored to assure that this instruction 
is followed. 

Contraindications: 

1. Do not pre-clot the graft. 

2. Do not sterilize by irradiation 
techniques. 

3. Grafts should never be exposed to 
temperatures exceeding 482° 
Fahrenheit (250° Centigrade). 

4. Do not sterilize more than three times. 

5. During sterilization, do not place 
grafts under st os sharp objects 
which might crush the grafts. 

6. Do not attempt to sterilize the label 
attached to the PVC blister tray at 
high temperatures, as the materials 
(inks and adhesives) on the label may 
contaminate any objects in contact 
with the label during the sterilization 


cle. 

7. Do not handle gx with ungloved 
hands. It should be handled only with 
clean instruments. 

8. Do not attempt to resterilize any 
unused graft portion which has been 
contaminated with blood or any other 
foreign material. 

9. Do not use absorbable sutures. 

10. Do not cut graft while holding under 
tension. Doing so may cause separa- 
tion of the outer layer. The GORE-TEX 
graft is a composite structure consist- 
ing of an inner base tube and a thin 
outer layer which reinforces the base 
tube to prevent aneurysmal dilatation. 
Do not use any portion of a GORE-TEX 
graft which has damage to or separa- 
tion of the outer layer of the graft. 

Should the outer reinforcing layer 
become frayed at the end of the graft, 
do not pull on or peel the outer layer 
from the base tube. Carefully trim off 
the portion of the graft where the outer 
layer is frayed. 

11. Do not force irrigating solutions 
through the graft wall. Doing so may 
result in serum leakage after blood 
flow is established. 

12. Do not place grafts in any fluid prior 
to use. Doing so may result in serum 
leakage after blood flow is established. 

13. Do not puncture the graft repeatedly 
at the same site, or within the same 

i iate area. (See Indication #4) 


“Once the diagnosis of symptoma 
diverticulosis has been established, 
treatment is aimed at providing 
enough bulk in the diet to keep the 
bowels moving normally.” ! 


Metamucil is an effective source of 
bulk in the treatment of diverticular 
disease. A bulk laxative containing con 
centrated dietary fiber, Metamucil re- 

UN LM) EST stores natural rhythm of elimination b 
yen T, amin NS c2 helping to form soft, moist, easy-to-pa 
pp sole ie Lh P ! stools, and also reduces the intracolon 

(s i Westen pressure and possible resulting pain of 
diverticular disease." ^ 


1. Behringer, G. E.: Diverticular Disease of the Colon. Hos 
Medicine 11:6 (Sept.) 1975. 2. Davis, R.. and Thompson. 
Diverticular Disease of the Colon, Continuing Education f 
the Family Physician 4:88 (Feb.) 1976. 


Metamucil 


psyllium hydrophilic mucillc 
High in dietary fiber/ Few calor 


SEARLE |Searle Laboratories 
Division of G.D. Searle & Co 


Box 5110. Chicago. Illinois 60680 





W. L. Gore & Associates, Inc. 
P.O. Box 1220 

Route 213 North 

Elkton, MD 21921 


Gentlemen: 
[] Please send me your GORE-TEX vascular graft test kit. 


ia Please send me the reprints and reports whose numbers 
I have circled. 


3. 5. Fi 9. ll. 13. 15. 
4. 5. 8. IO. 12. 14. 16. 


K Please send me additional reprints as they are published. 


N 


Wi Please have your representative call for an appointment. 


K Enclosed are my suggestions for standardization of vascular 
statistics. 
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Viokase® costs your patients less than other pancreatic preparations 


(Based upon Drug Topics Redbook 1979 published prices.) 


4x N.F. Protease 
6x N.F. Amylase 

10 x N.F. Lipase 
(whole pancreas) 


Veteran i 
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in the management of exocrine pancreatic deficiencies 


The effectiveness of Viokase is con- 
firmed by over twenty-five years of 
clinical experience...and it still 
costs your patients less than other 
pancreatic preparations. Current lit- 
erature'?^ documents the use of Vio- 
kase as a digestive aid in cystic fi- 
Drosis and in exocrine pancreatic 
deficiencies usually due to chronic 
pancreatitis, pancreatectomy or 
obstruction in the pancreas caused 
by malignant growth. 


1. Kafka, E. and Klaser, H.: "Pancreatic Dis- 
ease ', Postgraduate Medicine, 57:140-145, 
1975. 

2. Long, W.B. and Weiss, J.B.: Gastroen- 
terology, 67:920-925, 1974. 


VIOKASE* 
(pancreatin) 


Description: VIOKASE is a pan- 
creatic enzyme concentrate of por- 
cine origin containing standardized 
amylase, protease and lipase ac- 
tivities plus esterases, peptidases, 
nucleases and elastase. 


The enzyme potency of the tablets 
and powder are: 
Each325mg. Each 0.75 gram 


Tablet ('teaspoonful) 
Lipase, N.F. Units 6.500 15.000 
Protease, N.F. Units 32.000 75.000 
Amylase, N.r. Units 48.000 112.500 


Under conditions of the N.F. test 
method (in vitro) VIOKASE has the 
following total digestive capacity: 


Each 325 mg. Each 0.75 g. 

Tablet Powder 
Dietary Fat 23 53 grams 
Dietary Protein 32 75 grams 
Dietary Starch 48 112 grams 


VIOKASE Tablets are not enteric 
coated. 


Indications: As a digestive aid in 
cystic fibrosis and in exocrine pan- 
creatic deficiencies usually due to 
chronic pancreatitis, pancreatec- 
tomy or obstruction in the pancreas 
caused by malignant growth. 


Administration and Dosage: 
Powder: Dosage to patients with 
cystic fibrosis: V3 teaspoon (0.75 
grams) with meals. 


VIOBIN CORPORATION 
Monticello, IL 61856 


Tablets: Dosage to patients with cys- 
tic fibrosis or chronic pancreatitis 
—1 to 3 tablets with meals. For aid- 
ing digestion in patients with pan- 
createctomy or gastrectomy—1 to 2 
tablets taken at 2-hour intervals, or 
as directed by physician. 


Caution: Federal law prohibits dis- 
pensing without prescription. 


Warnings: Avoid inhalation of 
powder. 


Precautions: Use with caution in 
patients known to be allergic to pork 
protein. 


How Supplied: 

Powder: Bottles of 4 ounces and 8 
ounces 

Tablets: Bottles of 100 and 500 


Literature Available: Complete lit- 
erature available upon request in- 
cluding information on BEEF VIO- 
KASE DERIVED FROM BEEF PAN- 
CREAS FOR THOSE EXCEPTIONAL 
PATIENTS ALLERGIC TO PORK. 


A Subsidiary of A.H. Robins Company 








Induction of Unresponsiveness to Major Transplantable 


Organs in Adult Mammals 


A Recapitulation of Ontogeny by Irradiation and 


Bone Marrow Replacement 


F. T. RAPAPORT, M.D., R. J. BACHVAROFF, M.D., N. MOLLEN, H. HIRASAWA, M.D., 


Transplantation of renal allografts obtained from prospectively 
selected genotypically DLA-identical donors into supralethally 
irradiated dogs reconstituted with their own stored bone mar- 
row has produced a state of unresponsiveness to these kidneys 
in the recipients. Eleven of 18 kidneys transplanted at 12 hours 
after marrow replacement currently survive with normal func- 
tion and maintain life in the recipients for 757, 800, 825, 978, 
1062, 1092, 1136, 1282, 1373, 1380, and 1381 days, respec- 
tively. Similar results occurred in eight of 13 allografts 
transplanted at 28 hours after marrow replacement, which 
currently survive for 349, 363, 377, 407, 436, 470, 485, and 513 
days, respectively, and in eight of 13 kidneys grafted at 36 hours 
after marrow replacement, which are surviving for 197, 247, 
298, 324, 337, 396, 443, and 472 days, respectively. 
Achievement of optimal results is dependent on the specific 
timing and sequence of each procedure. Only four of 16 
recipients of kidneys transplanted at the time of marrow 
replacement were unresponsive to their allografts. Similarly, 
only five of 19 recipients of kidneys placed in irradiated dogs at 
40 hours before marrow replacement accepted such allografts. 
When kidney transplants were placed inte the recipients 20 
hours before removal of marrow, irradiation, and reconstitution 
with stored marrow, only three of 21 dogs became unresponsive 
to such allografts. In five of 12 instances, the recipients were 
also unresponsive to skin allografts obtained from their 
respective kidney donors. Such skin grafts currently survive for 
606, 673, 687, 701, and 708 days, respectively. The remaining 
seven skin grafts were rejected at 28, 39, 42, 84, 90, 92, and 115 
days, respectively. Second- and third-set skin grafts from the 
same kidney donor were rejected by six of these dogs at 19, 20, 
21, 29, 29, and 30 days, and at 21, 22, 23, 24, 27, and 27 days, 
respectively. Rejection of these skin grafts had no detectable 
effect on the function and survival of kidney allografts from the 
same source. Seven of eight skin grafts obtained from other 
DLA-identical donors were rejected at 13, 14, 16, 25, 28, 38, and 
84 days, respectively; one allograft continues to survive for 708 
days. Eleven DLA-incompatible skin allografts placed on the 
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recipients at the same time were rejected within 11—20 days. 
Supralethal total body irradiation and bone marrow replace- 
ment can establish in the adult canine host a privileged phase of 
immunological reactivity during which exposure to alloantigens 
produces specific long-term unresponsiveness rather than 
sensitization. The use of stored autologous rather than allogeneic 
bone marrow for reconstitution of the irradiated recipient 
eliminates the hazards of GVH complication usually associated 
with this procedure. This consideration and the apparent 
capacity of the tolerant host to maintain a long-term state of 
unresponsiveness without any further immunosuppressive 
therapy point to the potential relevance of the results to human 
transplantation. 


ROGRESS IN CLINICAL TRANSPLANTATION continues 
to be hampered by the inability to control immuno- 
logical responses to foreign tissues without interference 
with host defenses against infectious microorganisms. 
Nonimmunological complications such as gastrointesti- 
nal bleeding, diabetes and other metabolic derange- 
ments“ have added a further parameter of risk to the 
immunosuppressive agents used to circumvent allograft 
rejection. Yet, if these agents were to be withdrawn, 
all of human transplantation would come to a halt.“ 
These considerations have stimulated intense efforts 
to develop techniques of immunological manipulation 
producing specific allogenic unresponsiveness without 
disturbing the remainder of the recipients’ cellular 
and/or humoral defense mechanisms.’ Earlier studies in 
this laboratory have shown that transplantation of 
allogeneic bone marrow into supralethally irradiated 
canine recipients bearing DL A-identical haplotypes 
derived from the same pedigree origins as the donors 
can regularly produce long-term stable chimerism in the 
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recipients without any evidence of graft-versus-host 
(GVH) complications.???? The resulting chimeras were 
unresponsive to other tissues from the same donor, and 
tolerated kidney, heart, lung, liver, pancreas and/or 
skin allografts without any further immunosuppressive 
therapy.*'**°* The animals were capable, however, of 
rejecting allogeneic tissues from other dogs at a tempo 
and intensity similar to those observed in untreated 
animals.?95 Long-term studies of these chimeras have 
shown that the transplanted bone marrow cells and 
their progeny maintain their original germ-line char- 
acteristics for as long as 4.5 years after repopulating the 
irradiated host.? The state of allogeneic unrespon- 
siveness associated with this type of chimerism appears 
to be mediated by a mechanism akin to classical im- 
munological tolerance,?*7? with active inhibition of the 
clonal proliferation required for the formation of anti- 
gen-reactive lymphocytes, but without clonal elimina- 
tion due to terminal differentiation.” 

In further studies of this experimental model, the 
interval of 43— 115 days initially allotted irradiated dogs 
after reconstitution with allogeneic marrow was elimi- 
nated, and each chimera received a kidney allograft 
from the donor of marrow or from a "third-party" DLA 
and pedigree identical donor during the early post- 
irradiation period*^???! (Fig. 1). The recipients were 
rendered tolerant to tissues from the donor of marrow, 
and also to kidney and skin allografts obtained from the 
third-party donor. The competence of the remainder of 
the recipients' immunological defense mechanism was 
demonstrated by the capacity to reject skin allografts 
from other DLA and pedigree-identical donors, as well 
as from DLA-identical but pedigree-different, and from 
DLA-incompatible dogs.**°! 

These data have provided convincing evidence of the 
feasibility of inducing specific unresponsiveness to 
major transplantable organs in large adult mammals. 
The applicability of irradiation and bone marrow trans- 
plantation to the human situation is severely hampered, 
however, by the high incidence of GVH disease as- 
sociated with the use of allogeneic marrow in outbred 
populations even under conditions of donor-recipient 
identity for products of the main histocompatibility 
complex.?? 

The present study attempts to eliminate the hazards 
of allogeneic marrow transplantation from this experi- 
mental system, through the use of the prospective 
organ recipients’ own marrow for reconstitution of 
their hemopoietic system after total body irradiation. 
The results of 122 experiments indicate that total body 
irradiation and host reconstitution with autologous 
marrow produces in the host a time-dependent period 
of privileged immunological reactivity during which 
transplantation of a DLA-haplotype and pedigree-iden- 
tical kidney??? stimulates the development of specific 
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unresponsiveness rather than sensitization. Kidney 
allografts performed under such conditions have con- 
tinued to maintain life with normal function in the 
recipients for as long as 3.75 years without any addi- 
tional immunosuppressive therapy. 


Materials and Methods 


The experimental animals were adult male and fe- 
male beagles of the Cooperstown colony? weighing 
7~15 kg. Donors and recipients were selected for trans- 
plantation on the basis of DLA-haplotype and pedigree 
identity. Evidence of such DLA identity was derived 
from precise genotypic and pedigree information re- 
garding the ancestral origins and transmission of each 
of their DLA-haplotypes (/.e., the gametic unit which 
transmits information for the DLA complex).'3-4%% 
Gametic and pedigree data were confirmed by sero- 
logical determinations of the DLA-A and B products. 
The methods of preparation of antisera and techniques 
for serological typing by the lymphocytotoxicity tech- 
nique have been described earlier.” Mixed leucocyte 
culture (MLC) tests were performed in order to study 
the DLA-D products in each donor-recipient pair, using 
a modification of the technique of Hartzmann et al.” 

The basic experimental design is outlined in Figure 2. 
A suspension of 3-3.5 x 10? nucleated bone marrow 
cells was obtained by needle aspiration of the femora 
and humeri of each prospective recipient.?9? The aspirate 
was suspended in 100 ml of TC 199 (Difco Labs.) con- 
taining 1,500 LU. Heparin and 0.1% glucose. The re- 
sulting suspension was strained through a 201 u stain- 
less steel screen; it was placed into a 600 ml transfer 
pack (Fenwall), and was stored at 4° on a slow speed 
rocker platform. After the collection of bone marrow, 
each dog was exposed to supralethal total body irradia- 
tion, using two opposing "Co sources, at a source-to- 
target distance of 2-2.5 m and with a combined exposure 
rate of 3-5 R/mn. Each animal received a total of 
1,200-- 1,400 R of continuous irradiation.?* The recipi- 
ent's own stored bone marrow was returned intra- 
venously at predetermined intervals after irradiation. 
Leucocyte and platelet counts and hematocrits were 
performed three times weeklv for the first 30 days, and 
at weekly intervals thereafter; the gradual rise of leuco- 
cyte and platelet levels to normal values provided evi- 
dence of successful proliferation of the returned autol- 
ogous marrow. 

The method of kidney transplantation into the iliac 
fossa of the recipient, and the criteria for determination 
of allograft rejection have been described in an earlier 
report.?* In the first series of studies, kidney allografts 
were transplanted into recipients 20 hours before the 
removal of bone marrow, irradiation of the host, and 
reconstitution with the same marrow. In the second 
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group of experiments, each recipient underwent ir- 
radiation and reconstitution with autologous marrow 
first, and was given a kidney allograft at: (a) the time 
of marrow replacement, of (b) at 12, 28, or 36 hours, 
respectively, after marrow replacement. In another ex- 
periment, dogs were given a kidney allograft on com- 
pletion of irradiation, and bone marrow replacement 
was postponed for another 40 hours. All recipients 
underwent removal of their own kidneys within two 
months after transplantation; standard renal function 
tests were performed at regular intervals. 

Within six or more months after kidney transplanta- 
tion, 12 dogs found to be unresponsive to their renal 
allografts were tested with skin allografts obtained from 
three sources: (a) the kidney donor; (b) another DLA 
haplotype and pedigree-identical dog; and (c) a DLA- 
incompatible source. Six recipients which rejected a 
first-set skin graft from the kidney donor received 
second-set skin grafts from the kidney donor within 
ten days after rejection of the first-set grafts; they were 
rechallenged with a third-set skin graft from the same 
dog at ten days after rejection of the second-set grafts. 
The technique of skin grafting, using the host's pan- 
niculus carnosus layer as the graft bed, has been de- 
scribed earlier.?* 


Results 


The responses accorded to kidney allografts trans- 
planted at various times before irradiation and recon- 
stitution of the recipients with autologous bone marrow 
are illustrated in Figure 3. In the first experiment, 21 
dogs received kidney allografts; marrow was removed 
20 hrs later and stored, and the animals were then 
irradiated and reconstituted with this marrow. Only 
three recipients (21%) failed to reject their allografts, 
and currently survive for 1,290, 1,297 and 1,372 days, 
respectively. The remaining allografts exhibited some 
prolongation in survival times, but were generally re- 
jected within 41 to 59 days; four grafts survived for 
77, 106, 184 and 667 days, respectively, and two trans- 
plants were rejected at four and 21 days, respectively. 

In the second series of experiments, the prospective 
recipients were exposed to irradiation and reconstituted 
with bone marrow first; they were then given a kidney 
allograft at various times thereafter. Of 16 allografts 
transplanted at the time of marrow replacement, only 
four (25%) continue to survive at present for 990, 
1,019, 1,095 and 1,102 days, respectively. The remain- 
ing 12 grafts were rejected within 56-93 days. When 
the interval between marrow replacement and kidney 
transplantation was increased to 12 hours, 11 of 18 
dogs (6176) were unresponsive to their allografts, and 
currently survive for 757, 800, 825, 978, 1,062, 1,092, 
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1,136, 1,282, 1,272, 1,280 and 1,387 days, respectively. 
Five grafts were rejected within 45-113 days; two other 
transplants survived for 197 and 667 days, respectively. 
Extension of the interval between marrow replacement 
and kidney transplantation to 28 and to 36 hours did 
not significantly alter the results. The incidence of un- 
responsiveness to kidney allografts was 62% (8 of 13 
dogs) in animals transplanted 28 hours after marrow 
replacement (with five allografts rejected within 42—49 
days) and 62% (8 of 13 dogs) in recipients given kidney 
grafts 36 hrs after marrow replacement (the remain- 
ing five transplants were rejected within 47—58 days). 

Thirty-six dogs received kidney allografts immedi- 
ately upon completion of irradiation; their own marrow 
was stored and returned to each animal at 40 hours 
after kidney transplantation. The prolonged period of 
storage at 4° reduced the rate of hematologic recon- 
stitution to 30 out of 36 recipients (83%). Only five of 
19 dogs (26%) treated in this fashion were unresponsive 
to their renal allografts, and currently survive for 550, 
790, 847, 912 and 917 days, respectively. Eight of the 
dogs rejected their allografts within 42—71 days; three 
other recipients survived for 210, 305, and 550 days, 
respectively. 

Twelve recipients found to be unresponsive to their 
kidney allografts were studied further with skin allo- 
grafts. The results are illustrated in Figure 4. Five of 
the 12 dogs were unresponsive to skin grafts obtained 
from their corresponding kidney donor; such grafts 
continue to survive with normal hair growth at this 
time for 606, 673, 687, 701 and 708 days, respectively. 
Seven other recipients rejected skin grafts from their 
kidney donor in chronic fashion, at 28, 39, 42, 84, 90, 
92 and 115 days, respectively. One of eight skin allo- 
grafts applied to the same recipients from another DLA 
haplotype and pedigree identical source also continues 
to survive uneventfully (708 days); the remaining seven 
skin grafts in this category were rejected at 13, 14, 16, 
25, 28, 38 and 84 days, respectively. Eleven DLA- 
incompatible skin grafts placed on the recipients at 
the same time were rejected within 11—20 days. 

Six of the dogs which had rejected first-set skin grafts 
from their corresponding kidney donor were retested 
with second- and third-set grafts from the same source; 
the latter grafts were rejected at 19, 20, 21, 29, 29 and 30, 
and at 21, 22, 23, 24, 27 and 27 days, respectively. 
These data are contrasted in Figure 4 with the results 
obtained when comparable skin allografts were applied 
to untreated dogs; these grafts were rejected at 20—29 
days. The rejection of first-, second-, or third-set skin 
allografts from the kidney donors appeared to have no 
measurable deleterious effect upon the corresponding 
kidney allografts, which have continued to survive and 
function uneventfully in the recipients. 
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Discussion 


The development of safe methods for the induction 
of specific allogeneic unresponsiveness in adult recipi- 
ents continues to be a central goal of transplantation.” 
Interest was initially focussed upon this problem by 
the formal definition of immunological tolerance by 
Billingham, Brent and Medawar in 1956* as a state of 
specific unresponsiveness produced by exposure of the 
fetal and/or neonate host to antigenic manipulation be- 
fore the development of immunological reactivity. A 
significant effort has been made during the past decade 
to extend the implications of immunological tolerance 
to the adult situation.” The studies of Lance and 
Medawar,” of Floersheim,?' of Judd and Trentin,” of 
Monaco and his associates!^7???* and of Brent and his 
group??? have been of particular usefulness in provid- 
ing further insight into the combined effects of heterol- 
ogous antilymphocyte serum, immunosuppressive 
agents, prospective donor strain cells and/or frac- 
tionated antigen(s), and bacterial adjuvants, in the 
induction of allogeneic unresponsiveness in adult 
rodents. An alternative approach, originally proposed 
by Main and Prehn,* consisted of the use of supralethal 
total body irradiation and host reconstitution with allo- 
geneic marrow for the induction of unresponsiveness 
to skin allografts in mice across non-H-2 barriers. 
Shortly thereafter, Trentin®® obtained similar effects 
across H-2 barriers, and correctly interpreted the fatal 
secondary disease which followed the inoculation of 
allogeneic marrow into irradiated mice as a manifesta- 
tion of a graft-versus-host (GVH) reaction. Extension 
of these studies to the canine species demonstrated 
subsequently that irradiation and reconstitution of the 
host with allogeneic marrow can also produce long- 
term allogeneic unresponsiveness to major transplant- 
able organs in large adult mammals.:'16:52.33:5575? The 
GVH problem remained, however, the leading obstacle 
to the application of this experimental model to man. 
Slavin et al.999! and Strober and his associates® have 
recently described an alternative approach to this prob- 
lem, based upon bone marrow allotransplantation after 
conditioning inbred rodent strains by fractionated total 
lymphoid irradiation. Assessment of the applicability 
of this system to man awaits convincing evidence of 
its ability to produce true bone marrow chimerism 
and/or allogeneic unresponsiveness in large outbred 
mammals. 

A notable exception to the occurrence of GVH com- 
plications after reconstitution of canine radiation chi- 
meras with allogeneic marrow has been observed 
within the selectively bred lines of beagles of the 
Cooperstown colony,*/395755-57 provided that each 
donor-recipient pair is genotypically DL A-identical, 
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and that the DLA-haplotypes of each dog are derived 
from the same ancestral origins. 4 Availability of this 
unique animal resource has permitted a long-term 
assessment of the immunological sequelae of irradiation 
and bone marrow transplantation in adult dogs. It was 
observed in the course of these studies!*?*?! that ir- 
radiated recipients reconstituted with allogeneic mar- 
row could be rendered unresponsive to renal allografts 
from a "third-party" donor, if such kidneys were trans- 
planted within 12-18 hrs after repopulation with 
marrow cells. Interpretation of this result as a conse- 
quence of the exposure of the host to renal alloantigens 
during a period of early adaptation of transplanted 
hemopoietic stem cells to the supralethally irradiated 
tissue milieu suggested, in addition, that the use of 
allogeneic marrow might not be an essential prerequi- 
site for the induction of unresponsiveness. 

In keeping with this notion, the results of the present 
study demonstrate that the judiciously timed implanta- 
tion of renal allografts into adult dogs after irradiation 
and reconstitution of the recipients with their own 
stored marrow can elicit a specific state of long-term 
unresponsiveness. The timing and sequence of each 
procedure appear to be of crucial importance in 
conditioning the results. Optimal effects occurred only 
if a certain period of time (12-36 hours) was allowed to 
elapse between replacement of autologous marrow and 
exposure of the host to alloantigens by establishment of 
vascular connections between the transplanted kidney 
and the recipient's circulation. This interval suggests 
that at least one, and probably several early cycles of 
cell generation?" by the retransplanted hemopoietic 
stem cells are necessary in order to establish the type of 
cell population(s) most amenable to the induction of 
unresponsiveness. The relatively poor results observed 
after a 40 hour exposure of irradiated dogs to kidney 
allografts in the absence of bone marrow are in keeping 
with this interpretation and mitigate against the 
possibility that radioresistant host cell components 
play an important role in the mediation of this effect. 

Taken together, these data raise the possibility that 
the early period after irradiation and bone marrow re- 
placement may temporarily recapitulate immunological 
ontogeny, thereby placing the host into a state of re- 
sponsiveness similar to that shown to be operative in 
the fetus (or newborn, depending upon the species) 
prior to the full development of immunological com- 
petence.?*7? This possibility is supported by Alter et 
al.'s! recent demonstration that the hemopoietic stress 
of bone marrow ablation and repopulation with trans- 
planted marrow produces a particularly rapid rate of 
replication of normal stem cells in the host. Hemopoi- 
etic stem cells transplanted into such a milieu produced 
erythrocytes with fetal characteristics, including fetal 
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hemoglobin, and high concentrations of / antigen, simi- 
lar to the levels observed in the red blood cells of 
newborn infants. Gamma chain synthesis was also of 
the newborn type in these individuals. This pattern 
was transient in nature, and was interpreted by Alter 
et al.’ as a partial and/or accelerated recapitulation 
of ontogeny by the retransplanted marrow cells. Haot 
et al.?* have, in addition, documented the appearance 
of an immature lymphoid cell type characteristic of 
fetal and newborn mice in the bone marrow and thymus 
of adult animals exposed to sublethal irradiation. 

The precise nature of the mechanisms involved in 
the mediation of the type of allogeneic unresponsive- 
ness observed in this study is not clear at present. 
Earlier studies indicate that an active inhibition of the 
clonal proliferation required to produce antigen-reac- 
tive lymphocytes occurs in long-term radiation chime- 
ras, and that cellular rather than humoral mechanisms 


-- are involved in the mediation of this phenomenon. ?" 


The studies of Jirsch, Kraft and Diener, Gershon 
et al.,? Droege,'? Kilshaw, Brent and Pinto??? and 
Wood and Monaco?" ?? have provided convincing evi- 
dence that suppressor T-cells may be involved in the 
development of allogeneic unresponsiveness in adult 
recipients. These data have recently been extended to 
bone marrow chimeras and GVH disease in rats by 
Tutschka et al.® Suppressor cells have also been de- 
tected by Moran, Bennett and Dittmer’? in rats made 
tolerant to heart allografts by lethal irradiation and 
repopulation with host-type hemopoietic cells. This 
experimental model, originally described by Dittmer 
and Bennett,'^!* documents in the rat the observations 
made with autologous bone marrow replacement in 
the canine species. #4347 

Canine radiation chimeras reconstituted with alloge- 
neic marrow are generally unresponsive to all tissues 
obtained from the marrow donor, including skin.4!-4655~57 
In contrast, only five of 12 dogs reconstituted with 
autologous marrow and given a kidney allograft to 
which they became unresponsive, also tolerated skin 
grafts obtained from their kidney donor. The other 
seven animals rejected such skin grafts in chronic 
fashion; second- and third-set skin grafts obtained from 
these same donors were rejected at an even more rapid 
rate. The capacity of these seven recipients to muster 
active and even accelerated rejection responses to skin 
allografts obtained from the donors of their tolerated 
kidneys, and the absence of any detectable alterations 
in the function of the transplanted kidneys at the time of 
rejection of such skin grafts suggest that the state of 


 allogeneic unresponsiveness produced in the present 


study may be associated with a significant degree of 
organ specificity. Similar dissociations between the fate 
of kidney and skin allografts from the same donor have 
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been documented by Sheil et al.” and by Murray et al.” 
in canine recipients maintained on long-term immuno- 
suppressive drug therapy. Porcine recipients tolerant to 
liver allografts have also been shown by Calne et al.? !! 
to retain the capacity to reject skin grafts from the same 
donor. Parallel findings have been reported by Murray 
et al.?* in their classical study of a human recipient of a 
fraternal twin renal allograft conditioned preoperatively 
by irradiation, who remained tolerant of this allograft, 
while rejecting a skin graft from the same donor. 

The existence of incomplete or split tolerance to allo- 
geneic tissues has received strong support from the 
demonstration by Lance et al.? of the existence of 
skin-specific differentiation alloantigens in mice. The 
evidence provided by Boyse et al.^5 and by Silvers 
and associates?? that the rejection of skin allografts 
in long-term murine hemopoietic chimeras is a conse- 
quence of host reactivity to skin specific (SK) antigens 
may also be of relevance in this regard. Taken together 
with the observations of Steinmuller and Lofgreen, 9*5: 
and the findings of Dittmer and Bennett!’ that unre- 
sponsiveness to heart allografts in rat chimeras does 
not extend to skin allografts from the same source, 
these data highlight the potential importance of 
host responses to organ-specific alloantigens in 
transplantation. 

Supralethal total body irradiation and reconstitution 
of the host with stored autologous bone marrow has 
recently stimulated considerable interest in the treat- 
ment of human malignant disease. A number of reports 
suggest that the collection and storage of viable hemo- 
poietic stem cells provides a safe and effective approach 
to the hematologic reconstitution of patients exposed 
to bone marrow — lethal doses of irradiation or chemo- 
therapeutic agents. Such high-dose cytoreductive 
regimens of therapy have resulted in significant im- 
provements in the prognosis and management of acute 
leukemias, lymphomas, and certain solid tumors, such 
as oat cell carcinomas of the lung and embryonal car- 
cinomas of the testis. !*^!5?* The steadily growing ex- 
perience currently accumulating in this area may be 
of direct interest to applicability of radiation and bone 
marrow autotransplantation techniques to human 
transplantation. The demonstration that this experi- 
mental model can produce allogeneic unresponsiveness 
without incurring the risks of GVH disease or of com- 
plications due to long-term immunosuppressive therapy 
highlights its potential relevance to current clinical 
problems. 
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Dr. JosepH E. Murray (Boston, Massachusetts): This work is 
the result of persistent work, energy, and time over 20 years. It is 
only possible because of the presence of the colony of beagles in 
Cooperstown, under Dr. Ferrebee's custodianship. Dr. Rapaport has 
previously given his results on allogeneic marrow-induced tolerance. 
Today we hear about autologous marrow-producing tolerance. 
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If you try to dissect out the experiments shown, you find out 
that if the marrow sees the kidney before the marrow is irradiated, 
it will react and reject the kidney graft. If, however, the marrow 
seeing the kidney is in a regenerating phase after it has been rein- 
fused, it seems to be unresponsive and acts like fetal or neonatal 
marrow and will not reject the foreign transplant. This is a lovely 
and conceptually sound study. 

However, we must realize that all the results Dr. Rapaport shows 
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us are partial in a way. His controls have one or two survivors. 
Even in his best experimental series he has a few failures. So we 
are dealing with a spectrum, and this has always been the result 
in dog experiments in transplantation. 

However, we should not allow this to deter us too much from 
thinking in terms of human application, because even in the early 
days of Imuran study in dogs, we were only able to get a certain 
number of survivors using our best protocol. As we improved our 
canine results from 10% to 30-40% survival we felt we were able 
to progress to human studies in which results were much better. 

As an aside, the study of transplantation by surgeons has become 
a victim of success. It used to be that many surgeons were actively 
involved in experimental studies of this sort, but with the success 
of clinical transplantation, the energies of the transplant surgeons 
have been drained into the care and analysis of these difficult pa- 
tients. Listening to Dr. Rapaport's report brought me back twenty 
years to some of the exciting reports that we used to discuss at 
surgical meetings on laboratory subjects. 

(slide) This is a quote from an article we presented before the 
Society of University Surgeons in about 1960: "The original require- 
ment for adaptation of the experimental design of radiation, marrow 
and homograft, appeared to be a heavy dose of x-ray irradiation 
to the entire host, to destroy the immune mechanism, a source of 
hemopoietic cells capable of self-reproduction, and a subsequent 
graft." 

He went on with his studies during the following 20 years and 
today he has focused on the autogenous marrow as the source of 
the hemopoietic cells. 

(slide) The next slide shows Dr. John Mannick in his early davs 
at Cooperstown proudly demonstrating the first successfully trans- 
planted quadruped bearing an allogeneic Kidney graft. 


DR. THomas E. SrarzL (Denver, Colorado): In the early 1950s 
and early 1960's, as has already been pointed out, total body ir- 
radiation was used in clinical kidney transplantation. The pioneer 
work was by Murray and Merrill of Boston, joined later by Ham- 
burger and Küss of Paris. Although some patients achieved long 
survival, the approach was too dangerous to be acceptable. 

This outstanding paper by Rapaport shows a possible way to re- 
duce or eliminate the terrible risk, while achieving graft survival, 
somewhat surprisingly, by the simple expedient of marrow recon- 
stitution with autologous cells. As Felix has said, the possibility of 
clinical application is exciting, but, as has already been implied by 
Dr. Murray, the $64 question is the extent of histoincompatibility 
that can be breached during the privileged period immediately after 
irradiation and marrow reinfusion. 

Dr. Rapaport, have you tried the system with other than DLA- 
compatible donors? Perhaps the most important question of all is 
how does it work in mongrel kidney transplantation. 


Dr. Davip A. BLUMENSTOCK (Cooperstown, New York): I would 
like to ask Dr. Rapaport to address the question or why he thinks 
there are variations in success, some dogs doing very well, and some 
not doing so well. 

I would also like to address some of our concurrent studies in- 
volving lung transplantation, a situation in which we cannot look 
forward to a living related donor, so we have to think in terms of less 
well matched sorts of lungs, if we are going to carry this on clinically. 

We have done a number of studies similar to Dr. Rapaport' s with 
the DLA-identical allogeneic and autologous marrow, but I would 
like to discuss some studies we have carried further. We believe the 
autologous marrow system has great advantage in that there is less 
risk of graft versus host and rejection and that the autologous marrow 
system does work in both kidneys and lungs part of the time. 

Dr. Starzl asked about less degrees of histocompatibility relation- 
ship. In the last 2 4 years we have been trying to address this. 

(slide) We have found that in the DLA nonidentical, or mis- 
matched, animals, our survival period in untreated controls was 13.6 
plus or minus 3.3 days. 
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We then went on and conducted a series of various experiments, 
the most important of which I would point out on total body irradia- 
tion and autologous marrow in the model described by Dr. Rapaport. 
Unfortunately, as Dr. Starzl anticipated, we had trouble with this. 
Mean survival periods increased to 27 days, but long term survival 
periods were not attained. 

We found, however, that the addition of three doses of metho- 
trexate as the only additional immunosuppressive therapy in the post 
transplant period changed the picture radically. We have animals now 
living 336 to 673 days. Seven of a series of ten animals are alive and 
apparently doing well. 

We have in process at the present time pulmonary function studies 
on these animals. (slide) Three of the series of ten died early, two in 
the perioperative period, one of intussusception, another of hemor- 
rhage, probably because of the low platelet count. One died at 83 days 
with chronic rejection, but these seven are alive. 

The pulmonary function pattern we saw was reduced lung volume 
in all animals, but we see this to a lesser degree in autotransplants, 
and :his may relate to the fact that these animals had repeated 
thoracotomies. Five of the seven, with xenon cytograms done by Dr. 
Homayoun Kazemi and Dr. Charles independently at the MGH 
pulmonary laboratories, showed the pattern in five of proportional 
reduction of ventilation and perfusion, so that the blood gases re- 
mained normal. Two had disproportional reduction. 

There seemed to be little correlation between the histologic ap- 
pearance of the transplanted lungs and their pulmonary function. It 
was estimated for us that two of these animals could survive on the 
transplant alone. Four would require a second transplant of about 
equal function to survive, and one would not survive. 

(slide) The next slide shows you the histologic appearance of one 
of these animals at 336 days, (slide) and the final slide shows the 
appearance of the lung at 673 days. 

We feel that this system, by the addition of methotrexate, has put 
us in the ballpark of less favorable donor/recipient pairs, and we are 
not ready to say much more, but we are carrying on now mongrel to 
beagie pairs and have had some initial success. It is much too early to 
determine what the long-term results will be. 


Dr. RicHARD E. WitsoN (Boston, Massachusetts): The use of 
autologous marrow has become a common occurrence on the onco- 
logic services of many hospitals, but I still believe that we have alot to 
learn about what happens immunologically in the individuals with 
these grafts. 

It would be helpful. for instance, to know if Dr. Rapaport has 
looked at any specific populations of macrophages, lymphocytes or 
polymorphonuclear leukocytes to see if there is any deletion or to 
define the kinetics of return of these cells after this period of total 
body irradiation. | 

Years ago we tried multiple skin grafts with multiple marrow dona- 
tions in animals after total body radiation as a method of identifying 
which donor source might be the best from which to transplant, after 
Hasek's concepts. We were surprised at the variation in skin graft 
survival and the numbers of skin grafts that would survive in rabbits 
after multiple marrow donations. 

Dr. Rapaport, I believe that you have an opportunity here to re- 
examine the question with more sophisticated techniques, and I 
would be anxious to know what information you can share about the 
immunologic responsiveness specifically. 


Dr. RicHARD R. Lower (Richmond, Virginia): Dr. Rapaport, 
would you comment on why the delay of such a few hours in trans- 
planting the kidney to the marrow recipient results in such a high rate 
of failure? 


Dr. FELIX THEODOSIUS RAPAPORT (Closing discussion): The com- 
ment of Dr. Murray regarding the spectrum of results refers to one of 
the key questions in this study. This spectrum seems to work in our 
favor, since at least one, and probably a few more, DLA-identical 
organ transplants, that is, skin grafts from other donors, were also 
accorded unresponsiveness. We may thus be extending beyond 
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individual specificity in the induction of tolerance under these 
experimental conditions. 

As for the 62% positive results, this is the current crux of our 
problem. We would not dare advocate this approach to clinical 
problems until we can attain a 100% reproducible tolerance: we 
believe that the source of the problem may be either insufficient or 
excess antigen or antigens released by the transplanted organ. with 
insufficient stimulation of suppressor cell generation. We are 
approaching this problem currently by the technique of either adding 
antigen or, as Dr. Blumenstock has, trying various judicious modes of 
immunosuppression during the early recovery phase after bone 
marrow replacement. 

I must add a note of caution about the use of immunosuppressives. 
One of the working hypotheses that would seem to be most helpful in 
explaining the mechanisms involved is the possibility that early 
precursor stem cells, upon exposure to the trauma or stress of the 
irradiated milieu, will respond by the generation of cells which are 
more likely to go the suppressor route than the killer route. so that 
stimulation of these cells by antigen may be at the basis of the 
phenomena that we have described, to answer Dr. Wilson's question. 
We have some preliminary evidence to support this possibility, in 
terms of the inhibition of CML and MLC in in vitro tests. 
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One hazard of using methotrexate, for example, in this setting is the 
possibility that it might be killing the very cells that we need to 
preserve so as to induce tolerance. I am sorry to have to report, in 
answer to Dr. Starzl's question, that we have tried the same 
experiment that Dr. Blumenstock just mentioned. with lungs and 
DL A-haploidentical combinations, and the use of methotrexate, 
using kidney as the test organ, and even in those instances in which 
there was complete MLC nonreactivity between donor and recipient. 
All of these kidneys were rejected within 42 days. 

| do not know whether this reflects an organ or a population 
difference. However. we propose to continue to investigate this 
problem in a systematic fashion. We have started with DL A-identical 
pairs, which differ by a number of non-DLA-identical antigen sys- 
tems. Once we reach 100% results here, we shall go on to increasing 
levels of donor-recipient compatability. As you know, we have de- 
fined a number of such tissue types in the Cooperstown colony — and 
finally we shall go on to the DLA haploidentical and DL A-different 
pairs. 

The eventual hope, as pointed out by Drs. Lower and Wilson. is to 
try to isolate the effector cells which are responsible for tolerance 
and, even more important, to isolate from these cells the molecular 
element or elements that actually mediate the reaction. 


Thoracic Duct Fistula and Renal Transplantation 


THOMAS E. STARZL, M.D., PH.D., RICHARD WEIL, Ill, M.D., LAWRENCE J. KOEP, M.D., 
ROBERT T. MCCALMON, JR., PH.D., PAUL I. TERASAKI, PH.D.,* YUICHI IWAKI, MD.," 
GERHARD P. J. SCHROTER, M.D., JOHN J. FRANKS, M.D., VIBART SUBRYAN, B.S., 


CHARLES G. HALGRIMSON, M.D. 


Thoracic duct drainage (TDD) was established for 21 —115 days 
in 40 kidney recipients with an average removal per patient day 
of 4.7 | lymph and 1.88 billion cells. Cellular and humoral 
immunity were depressed. TDD and immunosuppressive drugs 
were started at transplantation in 35 recipients of cross-match 
negative grafts. Although the results were better than in 
precedent non-TDD controls, eight patients rejected their 
grafts before a full TDD effect, and three of the eight developed 
predominantly anti-B lymphocyte cytotoxic antibodies which 
were probably responsible for positive cross-matches with their 
next donors. With continuing TDD, all eight patients had good 
initial function after early retransplantation. In five more 
**nontransplantable"" patients with performed cytotoxic anti- 
bodies, TDD was started 30—56 days before transplantation. In 
these five pretreated patients, antibodies persisted with positive 
antidonor cross-matches. Hyperacute rejection occurred 
repeatedly in two patients with high anti-T (and anti-B) titers, 
but was surmounted in three patients with lower titers. From 
the clinical and immunologic data, we have concluded that TDD 
should be used for pretreatment of all cases with or without 
prior antibodies, and have suggested an adjustable management 
plan that takes into account new developments in antibody 
monitoring. 


HE IMPERFECTIONS of immunosuppression for re- 
T nal transplantation are well known, particularly 
when cadaveric donors are used.'^ Treatment often 
does not control rejection on the one hand, or is ex- 
cessively dangerous on the other. The consequence 
is that renal transplantation has not lived up fully to 
the optimistic expectations of a decade or longer ago, 
a fact that increasingly has clouded the proper rela- 
tionship between transplantation and its alternative, 
dialysis. 
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We report here a clinical trial of renal homotrans- 
plantation using thoracic duct drainage (TDD) as an 
adjunct to standard immunosuppressive therapy. The 
rationale for such an approach was provided by the 
classical investigations by Gowans and his associates 
in rats, !??'?» TDD apparently was first tried clinically 
in 1963 in Saint Louis by Newton and later in Stock- 
holm by Franksson. However, Newton's attempt was 
not described until 1965,?" nearly a year after Franks- 
son s first report.” 

The present report will document an apparent im- 
provement of early results in patients who had TDD 
begun contemporaneously with transplantation or in 
some cases before. The clinical and immunologic stud- 
ies of these patients have suggested that adjustments 
in the timing of TDD could make this procedure even 
more valuable, and can permit some transplantations 
to proceed in the face of the kind of anti-donor cyto- 
toxic antibodies that ordinarily cause hyperacute kid- 
ney rejection. 


Methods 
Case Material 


TDD was used in 40 patients as an adjunct to classical 
immunosuppression. Daily azathioprine doses were 
started on the day of transplantation and kept as high 
as possible without causing leukopenia. The eventual 
amount given usually was 1-2 mg/kg/day. Prednisone 
was started at the time of operation at a dose of 3-5 
mg/kg and subsequently reduced by 10—20 mg/day until 
a level of about | mg/kg was reached. Further reduc- 
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tions were variable and were determined in part by 
evidence for or against rejection. Antithymocyte glob- 
ulin (ATG) was given intravenously to 26 patients 
who had no prior sensitization to equine protein. The 
ATG doses were approximately 10 mg/kg/day for 14 
days, and 10 mg/kg every other day for an additional 
2 weeks. Some of the ATG courses had to be shortened 
because of sensitivity reactions to equine protein. 

The use or omission of ATG was not thought to be 
an important factor in either the TDD cases or the 
retrospective controls with which they were compared. 
When producing our own antilymphocyte globulin 
(ALG), our cadaveric graft survival was improved." 
However, during the last several years while using a 
commercial ATG in a clinical trial, there has been no 
difference in results with or without this agent. 

Approximately half of the recipients had splenec- 
tomy prior to transplantation. A few more had sple- 
nectomy after transplantation because of persistent 
leukopenia which precluded effective treatment with 
azathioprine. 

The 40 patients who had TDD were consecutive: 
follow-ups of 5-1212 months are available. They were 
divided into the categories described below. 

Group 1: living related transplantation. Primary re- 
nal transplantation was performed in five patients who 
were 16-30 years old (average 25). One recipient had 
a fully matched sibling donor. The other 4 had maternal 
(3 examples) or paternal (1 example) donors of whom 
each had two HLA antigen mismatches with the 
recipients. 

Group Il: primary cadaveric transplantation. The 25 
patients were 11—55 years old, average 35. They had 
few HLA matches with their donors, averaging only 
0.96 out of the possible 4. Five of the recipients were 
diabetic, and all five were considered to be poor risk. 

Group III: cadaveric retransplantation. These five 
patients averaged 40 years of age (range 20 to 54), and 
had previously rejected one (2 examples), two (2 ex- 
amples), and four (one example) homografts from 15 
months to 6 years previously. One patient s donor had 
3 HLA matches, one had 2 matches, and 3 had one 
match only. 

Group IV: cadaveric transplantation against pre- 
formed antibodies. Five patients, aged 15-38 years, 
had high titers of cytotoxic antibodies against lympho- 
cyte panels. Furthermore, the recipients’ sera had 
provided positive cytotoxic cross-matches against all 
organ donors obtained at our center during periods 
ranging from two months to three years. Consequently, 
these five patients were considered nontransplantable 
by conventional criteria. They were pretreated with 
TDD and given kidneys from cytotoxic cross-match 
positive donors. In all ten transplantations performed 
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in these five patients, the recipients’ sera killed more 
than 90% of the donor lymphocytes. 

Three more patients, one from Group II and two 
from Group III, rejected cadaveric grafts and devel- 
oped antibodies while on TDD which had been started 
on the day of transplantation. TDD was continued and 
retransplantation was carried out despite the persistence 
of anti-donor antibodies. 


Iheracic Duct Drainage 


Technique and management. The thoracic duct was 
cannulated in the left neck, except for two patients 
whose thoracic duct was approached intrathoracically 
at the T5 level by a right thoracotomy through the 
fifth intercostal space. Into the duct was placed a 
Number 4-7 Swan-Ganz double-lumen catheter after 
cutting off the balloon. For the cervical insertion, the 
important step of passing the catheter into the upper 
mediastinum was aided by dilating narrowed segments 
(usually at valve sites) with metal probes. Postopera- 
tively, heparinized saline (1000 units heparin in 500 ml 
saline) was infused at about 20 ml/hour through one 
lumen, and lymph was collected from the other lumen 
into a dry plastic transfer pack.* The small amount 
of heparin prevented clotting during subsequent cen- 
trifugation, transfer of the cell-free fluid to the ap- 
pendage bag, and intravenous reinfusion. A day's col- 
lection of processed lymph was reinfused continuously 
throughout the following day. A narrow spectrum anti- 
staphylococcal antibiotic was given systemically after 
several of the early patients developed staphylo- 
coecal bacteremia. 

The daily volumes of lymph were recorded as well 
as the lymph cell counts. The differential composition 
was determined after Wright staining and in some 
samples after nonspecific esterase staining.” From this 
information, the daily and total numbers of lympho- 
cytes removed could be computed. 

It was found that the costs of TDD could be reduced 
drastically. Initially, the volume differences between 
collected and processed lymph were made up with 
plasma. This was found to be unnecessary. In fact. 
we have recently found that the lymph sometimes could 
be discarded for weeks or months on end without ad- 
verse effects providing adequate volumes of electrolyte 
sohition were given intravenously. Under these cir- 
cumstances, even the collection bags became un- 
necessary. The containers for the intravenous solutions 
were transferred when they were empty to the floor 
and reused as receptacles for the discarded lymph. 





* Special transfer packs for TDD are available from the Fenwall 
Corporation, Deerfield, Illinois. These have a collection capacity of 
600—700 ml. 
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A few of the lymph fistulas failed spontaneously but 
usually active efforts were required for discontinuance. 
The collection bags were gradually raised to slow the 
lymph flow. After lymph output finally stopped, the 
cannula was pulled out. A pressure dressing was ap- 
plied to the supraclavicular triangle. 

Timing. In Groups I-H, TDD was started at the 
time of transplantation and continued for at least 40 
days if possible. If the first homograft was rejected, 
the period of initial failure was considered pretreatment 
for a second try for which drainage was continued (Fig. 
1). The shortest period of drainage in Groups I- lll 
was 21 days, and the longest was 115 days. 

The five patients of Group IV with preformed cyto- 
toxic antibodies had TDD started from 30 to 55 days 
before transplantation. The lymph was discarded and 
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replaced with plasma or electrolyte solution in the first 
two patients. Cell free lymph was reinfused in the other 
three for the first 30—40 days and discarded subsequently. 

The three additional patients from Groups II and HI 
who developed posttransplant antibodies while on 
TDD had their retransplants 28, 90, and 106 days after 
institution of the lymph fistulas. TDD was still in effect 
in the first and third of these patients. The catheter 
had clotted a few days before retransplantation of 
the second patient. 


Immunologic Studies 

Cells removed. Cells from the thoracic duct lymph 
and from peripheral blood were separated by density 
gradient centrifugation on Ficoll-Hypaque.’ T-cells 
were identified by the direct E-rosette technique using 
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Fic. 1. Prompt retransplantation under TDD. The first kidney was rejected in two weeks, but the second organ transplanted after 26 days 
of TDD functioned perfectly. Note the slow increase in lymph drainage per day and the variable numbers of cells removed per day. The 
lymphocyte differential percentage was somewhat reduced during TDD, but because of the variable total white blood count the absolute 


number of circulating lymphocytes was not much changed. 
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sheep erythrocytes.? B-cells were identified by their 
surface immunoglobulin, as demonstrated with fluores- 
cinated antipolyvalent immunoglobulin.?* Data was re- 
ported as percent T- and B-cells per total lymphocytes. 

Cellular immunity. Before TDD or other immuno- 
suppression, skin test reactivity in 25 patients was 
tested with PPD, tetanus, streptokinase-streptodornase 
(SKSD), trichophyton, and candida. Nonspecific reac- 
tivity was determined with croton oil applications. The 
tests were repeated after 21 days of TDD, and again 
two weeks after TDD was discontinued in those cases 
in which the initial tests had been positive. The lym- 
phocytes from four patients who were SKSD positive 
were studied in vitro for blast transformation after ex- 
posure to the antigen.” The nonspecific mitogenic 
responses to phytohemagglutinin and concanavalin A 
were determined in vitro of the lymphocytes of 11 of 
the 25 patients.” The 11 included four who had at 


- least one positive skin test and seven more whose skin 


tests were all negative. 

Humoral immunity. Twenty-four of the same 25 pa- 
tients were screened by a hemagglutinin inhibition test? 
for serum antibodies to A/Victoria and B/Hong Kong 
influenza. Twenty-two (9296) had preexisting antibodies 
to A/Victoria and 11 (46%) had anti-B/Hong Kong 
antibiodies. All 25 patients were then given intramus- 
cular bivalent vaccine* five days after institution of 
TDD. Antibody response to the vaccination was de- 
termined 21 days later. 

Serum immunoglobulins. Serum and lymph IgG, 
IgM, and IgA concentrations were measured with 
radial immunodiffusion? before, during and after TDD. 

Serologic studies. HLA typing, direct cross-match 
testing, and panel cross-matches were with standard 
techniques.“ The panels of 37-42 donors were selected 
to provide a representative cross section of HLA types. 

B- and T-lymphocytes were isolated by nylon wool 
column.” Five to eight serial 1:2 dilutions of the sera 
were tested simultaneously against a panel of 22—35 
normal individuals. The incubation temperature with 
antibody was either at 5° or at 37°. Incubation with 
complement was at 25°. Incubation times were one hour 
with the serum and two hours with complement. 


Results 
Reliability and Safety of TDD 


During accumulation of the series of 40, attempts 
at TDD failed in two other patients. Thus, the success 
rate in establishing TDD for at least 21 days was 95%. 
In both of the failures, the cervical thoracic duct could 
not be-located despite extensive dissection. In two of 
the 40 successful cases, the thoracic duct eventually 


* Parke Davis and Company, Detroit, MI 48232. 
+ Kallestad Laboratories, Inc., Chaska, MN 55318. 
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was cannulated in the right thorax through a fifth inter- 
costal space incision. This approach was used for one 
patient after the cervical attempt had failed. The other 
patient's cervical TDD stopped draining after 98 days 
and the thoracic reoperation was an attempt at 
continuation. 

There was no mortality from TDD per se. The most 
significant complication was in the patient with pre- 
formed antibodies whose cervical TDD failed after 98 
days. The thoracic duct was recannulated in the right 
thorax, but satisfactory drainage could not be obtained. 
She developed an empyema which eventually required 
thoracotomy and decortication. 

Minor complications included local lymph accumula- 
tions in the neck, transient edema of the face or left 
arm, temporary Horner's syndrome in two patients, 
one example of transient right chylothorax following 
removal of the cannula, and one retained subcutaneous 
catheter which was removed later. Four of the first 
patients developed staphylococcal bacteremia, a com- 
plication which was prevented in almost all subsequent 
cases by the prophylactic administration of narrow 
spectrum antistaphylococcal antibiotics. 


TDD Volumes and Cells 


Quantities drained. The 40 TDDs were in place for 
58.4 + 3.5 (S.E.) days (range 21—115). Pooling all 40 
patients and all days of drainage, the lymph obtained 
per patient per day was 4690 + 240 (S.E.) ml/day. 
There was considerable variation from patient to pa- 
tient in the lymph collected, and even in some indi- 
vidual patients from day-to-day (Figs. 1 and 2). The 
lowest average daily production was 1710 + 24 (S.E.) 
ml/day in a patient whose fistula drained for 30 days. 
The highest output was 7670 + 210 (S.E.) ml/day from 
a patient whose drainage lasted for 84 days. 

Cells removed. Pooling all 40 patients and all days of 
drainage, the numbers of cells removed per patient day 
was 1.88 + 0.19 x 10° (S.E.). In about two-thirds of 
the patients, there was a progressive decline of the cells 
removed (Fig. 2), but in the others the source of 
lymphocytes seemed inexhaustible (Fig. 1). More than 
98% of the cells were classified as small lymphocytes by 
Wright staining and morphologic criteria. However, 
with nonspecific esterase staining some of the cell 
collections had as many as 2596 monocytes. The 
percentage of Tand B-lymphocytes in the total cell 
collection was variable, but in most cases the selective 
T-cell depletion described by Machleder and Paulus? 
was not seen. These observations were similar in 
patients with TDD alone and in those in patients studied 
during multiple agent immunosuppression including 
TDD. 

Nor was there a uniform effect on peripheral blood 
lymphocyte total counts and differential percentages 
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Fic. 2. Pretreatment by TDD in a patient with preformed cytotoxic antibodies. Warm anti-T lymphocyte and anti-B lymphocyte antibodies 
were still present in the recipient serum at the time of transplantation but these were of low titer. Nevertheless, there was a completely 
killing positive cytotoxic crossmatch against the donor. Hyperacute rejection did not occur. 


although the lymphocyte fractions were often reduced 
(Fig. 1). 


Immunologic Studies 


Serologic studies in 8 patients who were given kid- 
neys despite positive cross-matches with their donors 
are given later with the Group IV clinical results. A 
number of patients had less specific immunologic 
assessment. 

Cellular Immunity. There were only nine positive 
skin tests in 6 patients among 25 examined preoper- 
atively. These included one positive reaction for PPD, 
two for tetanus, four for streptokinase-streptodornase 
(SKSD), two for candida and none for trichophyton. At 
the same time, nonspecific reactivity was demonstrable 


with croton oil in 24 of the 25 patients. Three weeks 
after starting TDD, all except one of the nine positive 
skin tests had become negative: the 24 positive croton 
oil tests remained positive. The specific skin tests 
converted to negative both in patients treated solely 
with TDD and in patients who were concomitantly 
started on double- or triple-agent immunosuppression. 
Two weeks after discontinuance of TDD, none of the 
eight negative skin test conversions had returned to 
positive. Four patients whose SKSD skin tests 
disappeared also lost in vitro SKSD induced blast 
transformation of their lymphocytes. 

As TDD and other immunosuppression proceeded, 
responsiveness to phytohemagglutin and concanavalin 
A was retained by the lymphocytes of all 11 patients 
among the foregoing 25 who were tested. 
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Humoral immunity. Only six (2596) of the 24 patients 
tested responded to immunization with a significant 
increase, and in only one of these was the response 
to both flu strains. Three of the patients (12%) lost 
pre-existing antiflu antibodies during the first three 
weeks of TDD. 

Serum immunoglobulins. As reported before,” im- 
munoglobulins invariably fell during TDD combined 
with multiple agent immunosuppression. However, 
this could have been due in part to azathioprine, 
prednisone and ATG. 

The objection did not apply for the five patients pre- 
treated solely with TDD for cytotoxic antibodies. TDD 
alone caused drastic reductions in IgG, and less ex- 
treme reductions in IgM and IgA (Table 1). The changes 
were the same without (cases I and 2) and with (cases 
3-5) lymph reinfusion. After discontinuance of TDD, 
the immunoglobulins rebounded to or above previous 





r levels even though azathioprine and prednisone were 


in effect by this time (Table 1). 


Mortality From Transplantation 


Two (5%) of the 40 recipients died. One patient 
perforated his ileum eight weeks after transplantation 
and died 142 months later with uncontrolled intra-ab- 
dominal infection. The second patient developed pan- 
creatitis, pneumonitis (due to Pneumocystis carinii) 
and a cerebrovascular accident. She died five months 
posttransplantation. 


Outcome in Subgroups 


Group I: Living related transplantation. Starting on 
the day of transplantation, TDD was used for 34—78 
days. All five of the recipients have life-supporting 
homografts after six, seven, nine, 11 and 12 months. 
Renal function is normal in four cases. The fifth patient 
has a serum BUN of 60 mg/dl and a serum creatinine 
of 2.5 mg/dl, 11 months after transplantation. This pa- 
tient had TDD for only 34 days. 

We have obtained satisfactory results in similar past 
cases without TDD.* Of the comparable consanguine- 
ous nonmatched recipients treated just prior to the 
TDD series, four still have good function of their origi- 
nal grafts with follow-ups of 12-22 months. The fifth 
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retrospective control patient rejected his perfectly 
matched sibling graft in two weeks. 

Group I: Primary cadaveric transplantation. The 25 
patients had TDD for 21-92 days, starting on the day 
of transplantation. One recipient died after 55 months 
for a mortality of 4%. By five months, two additional 
recipients had been returned to dialysis. One de- 
clined a second try at transplantation under continuing 
TDD. A second homograft was placed in the second 
patient, but had to be removed because of an arterial 
suture line infection and acute hemorrhage while it was 
still functioning normally. 

Six other patients rejected their first cadaveric kid- 
neys in ten days to two months. Second homografts 
were placed within a few days or weeks under con- 
tinuing TDD (Fig. 1). All ofthe second grafts functioned 
promptly. 

By five months, 16 (64%) of the 25 recipients re- 
tained their original grafts and had good to normal renal 
function. The six patients (24%) who had prompt re- 
transplantation when the first organs were rejected 
were also free of dialysis. Thus, 22 (88%) of the 25 
cadaveric recipients reached five months with graft 
function. The results were better than in our reported 
past experience” and superior to that with an immedi- 
ately precedent series of 25 similar cadaveric cases 
(Fig. 3). In the retrospective control group, the mor- 
tality by five months was 20%. Thirty-two per cent 
of the patients were back on dialysis. The incidence 
of patients with a successful first graft was 44%. In- 
cluding one additional patient who had early retrans- 
plantation, the number of patients with adequate renal 
function was 48%. The improved overall five month 
success rate (88 versus 48%) was significant (p < 0.01). 
The improved record (64 versus 44%) with first grafts 
did not reach statistical significance. 

Rejection after five months was troublesome both 
in patients of the TDD and control series. In the TDD 
group, 24 patients are alive after five to 1212 months 
but one primary homograft has stable chronic rejection 
at 10% months. Two of the retransplants are presently 
being lost in the sixth month. In the control series, 
late losses occurred after six and eight months, the 
latter due to death. 

Group Ill: cadaveric retransplantation. These five 


TABLE 1. Immunoglobulins (mg/dl) Before, During and After TDD in Group IV Patients 








S.B D.F G.F. S.A. R.G. 
Patient G M A G M A G M A G M A G M A 
Before TDD 1050 81 66 540 120 198 900 48 360 1450 255 235 1240 250 200 
Lowest During TDD 163 24 36 141 29 38 190 18 37 360 78 42 350 80 38 


1-4 Months Post-TDD* 850 76 S4 680 100 120 





645 198 200 925 145 245 1450 98 65 


* Azathioprine and prednisone being given. Values before and during TDD were without other immunosuppression. 
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Fic. 3. Results after five months in 50 consecutive recipients of 
first cadaveric transplants. Twenty-five had TDD and 25 did not. In 
the TDD group, lymph drainage was continued if the primary kidney 
was rejected. A second attempt at transplantation. was made 
promptly (Fig. 1). 


patients had TDD for 25—105 days, starting at the time 
of transplantation. By five months, one patient had 
died of bowel perforations, and one was back on dialy- 
sis. The three other (60%) had life-supporting renal 
function, in one case after retransplantation following 
rejection of the first organ. Two of the three patients 
still have life-supporting function after seven and ten 
months, but one of these grafts has had several late 
rejections. The third patient rejected his kidney after 
nine months and returned to dialysis. 

Our reported past experince was poor with cadaveric 
retransplantation in previously failed cases.'® In five 
cases immediately preceding the TDD trial, there was 
one death and two returns to dialysis within five 
months. Thus, in this small group, there was no signif- 
icant difference with or without TDD. 

Group IV: cadaveric transplantation against pre- 
formed antibodies. Two of the five patients with pre- 
formed cytotoxic antibodies escaped hyperacute rejec- 
tion (Fig. 2). Their kidneys are still functioning well 
after 51^ and eight months. The first kidney of a third 
patient was placed after 30 days of TDD. It did not 
function well and had to be removed 19 days later 
because of its severe platelet sequestration which re- 
sulted in a thrombocyte count of 5000 mm’. A second 
homograft was placed in this patient after 15 more days 
of TDD (total 45 days). Despite a positive cytotoxic 
cross-match, it functioned normally for six months, 
but then underwent a subacute rejection that has been 
difficult to control with increased steroid doses. The 
fourth and fifth patients hyperacutely rejected four and 
two grafts, respectively. They were returned to dialysis. 
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The serologic findings in the five patients who had 
preformed antibodies before TDD are summarized in 
Table 2. The lymphocytes of all ten donors for the 
five recipients were completely killed by the serum of 
the recipient in question. However, with panel analysis, 
the anti- T-cell antibodies in the three patients who had 
successful transplantation (cases 1—3) started at low 
titers and tended to drift down during pretreatment 
with TDD (Figs. 2, 4 and 5). One kidney which was 
transplanted when the anti- T antibody titer was only 
1:1 underwent delayed hyperacute rejection. At the 
same titer (Fig. 5), a subsequent transplantation suc- 
ceeded. All kidneys transplanted when anti- T cell titers 
were greater than 1:4 were hyperacutely rejected (Fig. 
6). All five patients also had warm anti-B lymphocyte 
antibodies during TDD or at the time of transplanta- 
tion. After transplantation, the warm anti-T and anti-B 
antibodies remained detectable in two of the successfully 
treated patients, but eventually at a reduced level (Figs. 
2, 4 and 5; Table 2). In the unsuccessfully treated pa- 
tients 4 and 5, warm anti-T and anti-B antibodies re- 
mained high or rose even higher after the hyperacute 
rejections (Figure 6, Table 2). Cold anti-B antibodies 
were not present before transplantation in any of the 
five cases and appeared postoperatively in only one 
patient (Fig. 2). 

Three additional patients from Groups Il and III had 
rejected kidneys and developed antibodies while on 
TDD. On direct cross-match their sera incompletely 
killed the lymphocytes of their second donors. With 
panel analysis at that time, two of the three patients 
had low anti-T titers of 1:1. All three patients had warm 
anti-B antibodies (1:1 to 1:16). The changing serum 
antibody conditions in one of these patients before, 
during and after TDD and two transplantations is 
shown in Figure 7. 


Discussion 


Standard immunosuppression worldwide has been 
with azathioprine and prednisone’??4°-444 to which 
heterologous antilymphocyte globulin (ALG) may be 
added.???!5 Cyclophosphamide can be substituted for 
azathioprine.*? Prednisone is the only highly adjustable 
component of these so-called double and triple drug 
programs, but despite massive steroid therapy, failure 
to control early rejection has been distressingly com- 
mon. With related but imperfectly matched donors, 
the one year kidney survival in large cooperative series 
has hovered at about 70%.** In a survey of 4474 recipi- 
ents of first cadaver grafts treated in 195 American 
transplantation centers between 1971 and 1976, Opelz, 
Sasaki, and Terasaki™ recorded a 45% kidney loss rate 
at six months and a 55% loss rate at one year. Isolated 
centers including our own here reported somewhat 
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TABLE 2. Group IV Patients with Positive Antidonor Cross-Matches 

















Patient S.B. DE. G.F. S.A. R.G. 
Transplant No. Ist 2nd Ist Ist Ist 2nd 3rd 4th 2nd 3rd 
Per cent of kidney donor 
lymphocytes killed by 
patient serum (direct | 
crossmatch) 9056 905t 905r 29096 29095. 29005 29005 2909 29090 >90% 
Per cent Anti-T Abs 
(panel crossmatch) : 
just pre-transplant 48% NA 92% 35% 756€ 15% NA NA 92% 10097. 
Duration TDD before 
transplantation (days) 30 45 49 43 55 58 61 88 55 72 
Titer Anti-T Abs ] 
Highest pre- TDD 1:4 1:5 hl 1:16 1:16 1:16 1:16 NA NA 
Just pre-XP MI 13] 1:3 Li 1:4 NA 1:8 1:8 1:16 1:64 
Mean post-XP NA 1:1 neg ist NA 12 1:8 1:8 1:64 NA 
Titer Warm Anti-B Abs | 
Highest pre-TDD 1:32 1:4 1:12 1:0.5 1:32 :32 1:32 NA NA 
Just pre-XP 1:32 1:32 1:8 [2 : NA 132 1:16 1:32 1:128 
Mean post-XP NA 1:16 neg isi NA 1:4 1:16 1:16 1:128 NA 
Per cent Cold Anti-B Abs | 
Highest pre-TDD 0ce 0% 0% 0% O% 0% 096. 0% 0% 0% 
Highest post-XP 0% 09€ 23% 0% 0% 0% 0% 0% 0% 0% 
Outcome Delayed Function- Function- Function- Hyperacute Rejections (4) Hyperacute 
hyperacute ing ing ing Rejections (2) 
rejection 8 mos 8 mos 5 mos 
NA = not available. Abs = antibodies. XP = Transplantation. 
better results particularly with the use of high potency TDD was added to our treatment protocol in an effort 


ALG,®* careful case selection,” or scrupulous tissue to improve this situation. After its introduction clini- 
typing," but the spector of a 50% unfavorable outcome cally by Franksson in 1964,? TDD as an adjunct to 
has been faced by recipients of first cadaver kidneys azathioprine, prednisone and, in some cases, ALG. 
in most centers. Early or delayed retransplantation in was given clinical trials in Stockholm,!?!! Boston, 5? 


such cases has been even less satisfactory.” ® Galveston,” and Lyon.'?? Since all of these reports 
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. Fig. 4. Antilymphocyte antibodies in a patient pretreated with TDD for 49 days. Note that the anti-T antibody titer was relatively low at 
the time of successful transplantation. 


482 


TRANSPLANTATION 
| 2 
rea 


t 32 


TITER 


8 Ab 
E 


Warm Ant: 
OM D 


STARZL AND OTHERS 


"ps E 
T ^N n 
Warm Anti T Ab ig 
m he 


Ann. Surg. e October 1979 


SB i5yo. 9 


Fic. 5. Antulymphocyte an- 
tibodies in a patient pre- 
treated with TDD. The first 
homograft underwent a de- 
layed hyperacute rejection. 
The second one escaped 
this fate. Note the per- 
sistence of antibodies after 
transplantation. The pa- 
tient who is now eight 
months postoperative is 


2 slowly losing her kidney 
after an initial period of 
normal function. 

: in 

O —m ————— 
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claimed a benefit from TDD, especially in cadaveric 
cases, it was surprising that the efforts were abandoned. 
The most important reason apparently was the inability 
to consistently obtain effective lymph drainage, an ob- 
jection that was almost completely eliminated in our 
trial. Annoyance to the patients and expense were other 
factors. In addition, clinical reports from Italy,” 
Brazil," and Japan” were considered discouraging 
even though the quality and duration of lymph drainage 
were suboptimal. 

Only Walker and Johnson and their associates at 
Vanderbilt persisted??? In 1977, they described the 


use of TDD for about one month to prepare 50 poor 
risk patients for cadaveric kidneys. The graft survival 
two to five years later was almost 75%, nearly twice 
as good as in a control group. The propriety of pre- 
treatment has been supported by the observations of 
Machleder and Paulus? who used TDD as the sole 
immunosuppressive treatment of autoimmune diseases 
such as rheumatoid arthritis and scleroderma. Mach- 
leder and Paulus? recently delineated in humans the 
time curves for suppression of humoral and cell-medi- 
ated immunity, greatly extending the observations of 
a number of earlier investigators. 57:007?! The demon- 
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Fic. 6. Antilymphocyte an- 
tibodies in a patient who 
hyperacutely rejected four 
kidneys in spite of pre- 
treatment with TDD. Both 
warm anti-T and anti-B 
antibodies remained high 
throughout. The presence 
of high titer anti-T-ly mpho- 
cyte antibodies would dis- 
suade us from making fu- 
ture transplantation at- 
tempts until these could 
be lowered. 
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Fic. 7. Antibodies in a patient who had rejected four kidneys prior to TDD. TDD and transplantation were performed at the same operation. 
-Note the brisk antibody response to this homograft which was promptly rejected. The second and successful transplant was carried out 


after 106 days TDD. 


stration of humoral antibody suppression with TDD 
was particularly important since it confirmed earlier 
claims by Tunner et al.*! and Graber et al." that had 
been denied by others'*?'^" in spite of the incisive 
animal work by McGregor and Gowans.” In humans, 
substantial immunosuppression required three weeks 
and the full effect of thoracic duct drainage as the only 
immunosuppressive device was not established until 
30 days. Although less extensive, our own immuno- 
logic data herein reported were compatible with those 
of Machleder and Paulus. 

TDD in our trial was used differently in that TDD 
usually was instituted at the time of transplantation 
instead of preoperatively. Pretreatment in patients 
without antibodies was omitted because of the unpre- 
dictable availability of cadaveric organs and because 
of our subsequently allayed fear that TDD could not 
be maintained throughout long waiting periods. How- 
ever, the foreseeable penalty was the irreversible rejec- 
tion of several kidneys during the "uncovered" first 
three or four weeks. The coroilary policies which we 
accepted were to consider these periods of graft loss 
as pretreatment for a subsequent organ, and to main- 
tain thoracic duct drainage until retransplantation. Eight 
retransplantations were performed with these condi- 
tions and none of the grafts was rejected acutely; only 
one kidney was lost early and that because of delayed 
hemorrhage from an infected renal arterial suture line. 
Under ordinary circumstances, such early retrans- 
plantation in past experience has often been futile and 
sometimes dangerous, ?™ 1416 

A probable beneficial influence of thoracic duct 
drainage used in this way was evident in the 30 patients 
without preformed antibodies who were submitted to 


transplantation for the first time and who have been 
followed for 5-13 months. These included five recipi- 
ents of consanguineous grafts, of whom all have stable 
renal function. After five months 22 (88%) of 25 primary 
cadaveric recipients have life-sustaining renal function 
either with their first (64%) or promptly inserted 
back-up (24%) graft. At five months the results in the 
25 cadaveric cases were almost twice as good as in 25 
immediately precedent and similar controls not treated 
with TDD. 

In spite of these findings, we now recommend TDD 
pretreatment. The need for so many back-up grafts has 
been unnecessarily wasteful of organs, to say nothing 
of the emotional trauma and extra risks imposed on 
the recipients. One discouraged patient withdrew from 
consideration for a replacement graft. In another case, 
the infection which necessitated removal of a perfectly 
functioning second transplant probably originated from 
the rejected primary graft. 

Moreover, the immune reaction during the un- 
covered first several weeks was vigorous enough not 
only to cause several graft rejections but to permit, 
as well, a potentially harmful antibody response which 
was thought in retrospect to be anamnestic in some 
patients with prior but undiagnosed sensitization. The 
ability to perform retransplantation in such cases in 
spite of an antibody storm probably reflected the 
deepening suppressive effect of TDD upon humoral 
as well as cellular immunity. Undetected presensi- 
tization has been suspected to be a particularly com- 
mon problem in patients undergoing retransplantation 
and this may have contributed to the inferior results 
in this small subgroup of our series. But even in 
those having transplantation for the first time, high 
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immunologic responsiveness with or without a com- 
ponent of presensitization has long been known to be 
an adverse feature” and one which would be miti- 
gated with TDD pretreatment. 

Knowledge of the humoral antibody suppression 
caused by TDD prompted an effort to pretreat five 
patients whose sera contained such broadly ranging 
preformed cytotoxic antibodies that there was little or 
no hope of finding a suitable cadaveric donor. Before 
thoracic duct drainage, all five patients possessed the 
anti-T lymphocytotoxins of the IgG class which are 
associated with hyperacute rejection !**7 as well as the 
less malevolent??!75-*? but still harmful ° warm anti-B 
antibodies of the IgG class. Cold anti-B IgM anti- 
bodies which have been associated with active en- 
hancement ^??? were not present preoperatively. 

Three of the five recipients had successful trans- 
plantation, one by virtue of a second homograft 
after an indolent variation of hyperacute rejection in- 
cluding massive platelet sequestration had destroyed 
the first organ. The thoracic duct drainage had not 
eliminated anti-T lymphocytotoxins, and high-kill 
positive cross-matches were present with the actual 
donors. However, the anti- T-cell titers at the time of 
the successful transplantations were at moderate levels 
at the same time as there was profound immuno- 
globulin depletion. In the two unsuccessful cases, 
there was equivalent serum immunoglobulin depletion 
by TDD, but the anti- T-cell titers remained high. 

The 60% eventual success rate in the 5 patients 
transplanted despite positive cytotoxic antidonor 
cross-matches was the same as that reported earlier 
after TDD by Niblack et al.” In future cases, care- 
ful monitoring of anti-T-cell cytotoxic antibody titers 
may give a better signal when to proceed. If high 
titers are refractory to thoracic duct drainage, addi- 
tional pretreatment with azathioprine, prednisone, and 
ALG will have to be considered as well as removal 
of blood IgG by plasmaphoresis. It is possible that 
discarding the lymph as was done in cases 1 and 2 
expedited antibody depletion. Because replacement of 
discarded lymph with plasma was so expensive, this 
practice was stopped. It has since been learned that 
lymph losses can safely be replaced with intravenous 
electrolyte solutions for long periods. 

The wider use of TDD together with exploitation of 
recent typing advances cited earlier is apt to change 
policies and practices in transplantation. Recipients 
(particularly those needing cadaveric organs) always 
have been ruled by the donors, with the final de- 
cision about candidacy hinging mainly on the conven- 
tional negative cytotoxic crossmatch and to a minor 
extent on HLA matching. In the future, it seems 
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probable that the recipients wishes can be given greater 
weight. As in the past, the first step will be to check 
for antibodies against a lymphocyte panel. If these are 
found, they should be classified as warm or cold anti-T 
or anti-B. With such information, a decision can be 
made about an appropriate duration of TDD pre- 
treatment. 

We believe that all recipients should be pretreated 
with TDD with the possible exception of those who 
have perfectly matched sibling donors. We suggest 
TDD pretreatment for about 21 days in recipients who 
have been antibody free or who have cold anti-B 
cytotoxins, and who have a negative conventional 
cytotoxic crossmatch with the donor. Patients possess- 
ing warm anti-T and/or anti-B lymphocytotoxins should 
have TDD pretreatment for 30 or 35 days before 
transplantation, even if crossmatch negative donors 
can be found before this time. Patients who have 
crossmatch positive donors after 35 days of TDD can 
have transplantation if the responsible antibody ts the 
warm anti-B variety. However, if anti-T antibodies 
persist and are responsible for positive direct cross- 
matches, a necessary condition for proceeding would 
be a low titer (<1:4). If this cannot be achieved with 
TDD alone, pretreatment with other immunosuppres- 
sive agents should be considered. 

With successful transplantation, TDD will usually 
be discontinued after a total preoperative plus post- 
operative duration of about 60 days. Final upward 
adjustments of prednisone should then be considered. 
Machleder and Paulus” showed a return of immuno- 
logic responsiveness over several months after stop- 
ping TDD. Several of our cadaveric recipients who 
were on low maintenance doses of steroids de- 
veloped late rejection after stopping TDD, and at least 
two probably will soon lose their homografts. 
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DISCUSSION 


Dr. CHARLES THOMAS Fitts (Charleston, South Carolina): The 
problem that Dr. Startzi alluded to early in his abstract and at the 
onset of this talk has been an extra-ordinarily frustrating one to 
transplant surgeons. As immunologists have been unable to provide 
us with an effective and safe method of selective immunosup- 
pression, they have turned with prodigious energy and enthusiasm to 
develop a complex array of time-consuming, expensive and fre- 
quently unreliable measurements designed to predetermine when a 
kidney transplant will be successful and when it will not. The 
theoretic result of this philosophy is to achieve nearly 100% graft 
survival. Since this is to be achieved by only transplanting between 
individuals with no significant immune disparity, however, the practi- 
cal result will be slowly but surely to decrease the number of patients 
receiving transplants. That should not be our objective. 

What Dr. Starzl has presented here today is a welcome advance in 
attacking the real problem, which is to control the patient's immune 
system to his benefit. He has utilized one of the more predictable and 
reliable tests of the battery that the immunologists have come up with, 
namely, the complement-dependent cytotoxic rematch, to indicate the 
need for a particular type of immunosuppression, rather than as a 
contraindication for transplant. 

(slide) | am doubly pleased that the method successfully used is 
one with which our group had early experience and which our data in 
retrospect would predict its likely success in this situation; that is, à 
predetermined, humorally mediated immunity between donor and 
recipient. In both animal and human studies in the late 1960's, our 
data showed extremely effective abrogation of the humoral response, 
both primary and secondary, as shown here with thoracic duct 
depletion. 

It is my opinion that the benefits will not be limited to this area alone 
but will extend to cellularly mediated problems as well. 

The Vanderbilt transplant group has apparently been finding much 
the same results as reported here today, and I am greatly encouraged 
that a powerful tool, which has been lying around for some time, is 
about to be picked up and put to extremely effective use in 
transplantation. 


Dr. ALLAN ELior DUMONT (New York, New York): Dr. Starzl 
has shown us clearly, that it is the removal of thoracic duct 
lymphocytes, rather than lymph-borne globulin, that is critical in the 
preparation of these patients for transplantation. 

It is particularly interesting that serum immunoglobulin levels fell 
so rapidly, despite the reinfusion of the antibody-rich lymph. These 
findings are consistent with the idea that thoracic duct lymph includes 
a functionally distinct pool of immunologically competent cells, 
presumably B-cells, which synthesize and release antibody mole- 
cules into lymph and into blood. 

In some earlier studies (slide), we found that a number of human 
thoracic duct lymphocytes stained with fluorescein-labeled antibody 
to human gamma globulin. This is a smear of human thoracic duct 
lymph. showing one such positive staining cell. 

Actually, about 4% of thoracic duct lymphocytes contain antibody 
globulin, and this proportion increases rapidly as thoracic duct lymph 
continues to be drained. 

We also found that when these cells are maintained in culture, they 
incorporate labeled amino acids into immune globulin. In patients 
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with high titers of cytotoxic antibodies, the kind of Dr. Starzl has 
described to us, specific depletion of these cells may, in fact, be the 
mos: important effect of thoracic duct drainage. 


Dr. JosgPH E. Murray (Boston, Massachusetts): | am reassured 
that Dr. Starzl is focusing his skill and careful study to a re-evaluation 
of thoracic duct fistula and drainage. This is a blunt tool which 
deprives the recipient of many of his immune mechanisms, but Dr. 
Starzl has sharpened this tool by his study of its placement in relation 
to the exposure to antigen. 

Some problems with thoracic duct drainage are worth comment; it 
is time consuming, expensive and increases bed occupancy. There 
are additional problems of centrifugation and reinfusion; so it will 
probably not be used by most transplantation centers until it has 
proved its effectiveness. Nevertheless, I am thrilled that Dr. Starzl is 
re-evaluating the technique with his usual care and skill. 


DR. THoMAs E. SrARZL (Closing discussion): I agree with Dr. 
Dumont that the removal of the cells, in some way that we do not fully 
understand, and possibly by the mechanism which he described, cuts 
off the immunoglobulin production rather than reducing im- 
munoglobulin by its removal from the thoracic duct lymph. 

The amount of immunoglobulin or, for that matter, proteins in the 
thoracic duct lymph is about only half of that in the serum, and so, if 
mechanical removal were attempted, it might be best done by 
peripheral plasmapheresis, since the highest concentration of IgG is 
there. 

In response to Dr. Fitts and Dr. Murray together, I have the 
impression, more like Dr. Fitts and less like Dr. Murray, that thoracic 
duct fistula is a practical undertaking in terms of cost-effectiveness, 
and even possibly in terms of time invested. At the same time I 
understand perfectly Dr. Murray's concerns from the perspective of 
his trials ten to fifteen years ago. 

In their important pioneering work done in Boston in the 1960's, 
Murray and his associates reported unequivocally improved results 
with thoracic duct drainage, particularly in their experience with 
related cases. It has always been surprising to me that that procedure 
was abandoned at Harvard, Galveston, and some other places. 

In reading back over that early work, I did notice that TDD was 
time-consuming, that it was expensive, and, furthermore, that it was 
a procedure not fully reliable. In the Boston series, failure to achieve 
significant thoracic duct drainage was about 50%, and in the 
Stockholm series of Franksson, the figure was even higher. It created 
a situation in which one could not know for sure what was being 
offered the patient. 

That problem was rectified for us by a young surgeon named Dr. 
Larry Koep, who had the bright idea of using a Swann-Ganz catheter 
for the cannulation. He cut the balloon off the Swann-Ganz catheter 
and thus created a double lumen, using one lumen for infusion and the 
other for collection. Exploiting this advance in instrumentation, he 
learned how to advance the catheters into the mediastinum. He had 
solved most of the problems that had confounded the pioneer workers 
with thoracic duct fistula with a technique that had a 95% reliability. 

I do want to make my position clear, while at the same time paying 
tribute to Dr. Murray and those others who worked before. I believe 
that pretreatment with thoracic duct fistulas should be used for all 
patients, related and unrelated, with the possible exception of double 
haplotype identical siblings, and that it will have a broad, and not a 
narrow, use in clinical transplantation. 
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prostatic hypertrophy and urethral stricture. 
ADVERSE REACTIONS: The most frequently 
observed reactions include lightheadedness, 
rowsiness, sedation, nausea, vomit- 
3. constipation, pruritus, skin reactions, and 
rarely, hypotension. 
DOSAGE AND ADMINISTRATION: Dosage 
should be adjusted according to the severity of 
the pain and the response of the patient. Syn- 
algos-DC is orally. The usual adult dose 
is 2 capsules every 4 hours as needed for pain. 
DRUG INTERACTIONS: The CNS depressant 
effects of Synalgos-DC may be additive with 
that of other CNS depressants. See bacs 
Aspirin may enhance the effects of anticoa 
lants and inhibit the uricosuric effects of 1" 
denis age 5, 


IVES LABORATORIES INC. 


New York, NY 10017 
Dedicated to improving the — 





WOUNDS THAT MAKE 


























CESAREAN 
SECTION 


Postpartum recovery for Mary 

Edwards was as comfortable as 

could be expected. After closure 
a Non-Adhering Vaseline * 
Petrolatum Gauze Dressing was 
placed directly over the wound 
followed by dry gauze and an outer 
wrap. Twenty-four hours postsurgery 
there was only a normal release of 
light drainage from the suture line. 
Because a Non-Adhering Dressing 
was used between the wound and 
the dry gauze, there was no sticking 
during dressing change — no discom- 
fort to the patient. 





SPLIT-THICKNESS 
SKIN GRAFT 


Michael Kelly, c volunteer fireman, experi- 
enced a severe burn on his left forearm, 
which required subsequent grafting. To help 
provide adequate protection of the donor site 
during healing and to provide mild medication, 
a Chesebrough-Pond's Non-Adhering Scarlet 
Red Ointment Dressing was placed directly on 
the wound. During removal, the dressing also 
helped prevent damage to new tissue growth 
and further discomfort to the patient. And, 

for hospital staff, this conveniently pre- 
packaged dressing had an added advantage 
in that it eliminated the staining and bother of 
in-hospital preparations. 


FACIAL 
RECONSTRUCTION 


Britt Svensson, 18, was involved in an auto- 
E mobile accident during which she sustained 
several minor facial lacerations, abrasions 

and a broken nose. Superficial tissue loss 

was evident, and nose cartilage and over- 
lying skin needed support. Following surgical 
repair, a protective, Non-Adhering Xeroform 
Petrolatum Dressing was used to help prevent 
unnecessary loss of tissue fluids, to help prevent 
disruption of the healing tissue during dressing 
change, and to maximize patient comfort. Since a 
Chesebrough-Pond s Non-Adhering Dressing readily 
conforms to all facial contours — actually clings without 
sticking — it was of particular value in this reparr. 





THE ET- eB Lb 


START WITH A GOOD 
FOUNDATION: 

A CHESEBROUGH-POND’S 
NON-ADHERING DRESSIN( 
UNDER THE DRY GAUZE 

















A Chesebrough-Pond s Non-Adhering Dressing next to the 


T PPENDECT i MY wound helps avoid trauma and pain during dressing change. 


It actually clings without sticking conforming to all body 
Seven-year-old David Garcia complained of a bellyache:' His doctor's contours. Dressing removal is easier and more comfortable 
diagnosis of appendicitis was made early, and removal! of the appendix wound healing remains undisturbed. 

followed immediately. All layers of the incision were closed. Drainage 
was minimal. A mildly medicated, mildly deodorizing, protective dressing 
—Xeroform Petrolatum Dressing — was placed directly on the wound 

to help prevent unnecessary loss of tissue fluids, and sticking and 
discomfort to this young patient during dressing changes. 


Additionally ıt helps protect the wound from environmental 
contamination...helps prevent air and moisture borne 
contaminants from reaching the wound. Helps prevent 
unnecessary loss of tissue fluids. 


Convenient sizes and packaging; available through surgical 


i supply distributors. 
a Cp Chesebrough Ponds Inc. P | 
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CHESEBROUGH-POND'« 
NON-ADHERINC 
DRESSINGS 


Gentle protectior 
~ on the 
healing woune 





The situations above represent onl) 


a few of the many effective applicc 

tions for Chesebrough-Pond ‘: 
Non-Adhering Dressings. Names anc 
patient profiles. however. are fictitious 
and do not represent actual case histories 


S ele ? [n patients with serious bacterial infection, the 
cting choice of antibiotic therapy is usually made on the 
an amino coside: basis of the effectiveness-to-risk ratio. This considera- 
tion is particularly important when an aminoglycoside 
he J?. m^ antibiotic is indicated. 

: The activity of Nebcin® (tobramycin sulfate, Lilly) 
against a wide range of gram-negative organisms is 
now well known. A review of worldwide literature 
shows “that tobramycin has significant antibacterial 


activity and that it is the most potent of all aminogly- 
cosides against P. aeruginosa. The antibacterial 


ot " Cac menm" 
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activities of tobramycin and gentamicin against mem- serious complicated and recurrent urinary 
bers of the Enterobacteriaceae are comparable, with tract infections 
each agent possessing slightly greater activity than the serious skin, bone, and soft-tissue infections, 


L- other against selected strains of any species.” 
Nebcin is indicated in the treatment of 


septicemia 
serious lower respiratory infections 

gastrointestinal infections, including 
peritonitis 


ALDEA Ltda cad dd ONU 


including burns 
caused by susceptible strains of the following 
microorganisms: Pseudomonas aeruginosa, 
Escherichia coli, Proteus sp. (indole-positive and 
indole-negative), Providencia, Klebsiella-Entero- 
bacter-Serratia group, Citrobacter sp., and 
staphylococci, including Staphylococcus aureus 
(coagulase-positive and coagulase-negative ). 


^; The proximal tubule 


The proximal tubule is the site in the 
renal system where aminoglycosides produce 
nephrotoxicity 

An investigator has studied the urinary 
excretion of alanine aminopeptidase, a principal 
enzyme of the brush-border membrane of the proximal 
tubule? Levels of the enzyme become elevated in the 
urine as a result of toxic lesions in acute tubular necro- 
sis or of inflammatory, processes in the kidney, such as 
rejection crisis. In measurements of the effect of amino- 
glycosides (administered for three consecutive days) on the excretion 
of this enzyme by healthy humans, tobramycin appeared to have a 
minimum effect on the brush-border membrane. 

Another investigative team has studied the relationship between 
tissue concentration and toxicity? The toxicity of aminoglycosides 
may be related to the degree of their binding to tissue. Hence, 
aminoglycosides that accumulate less may be less nephrotoxic. 

All aminoglycosides are potentially nephrotoxic and ototoxic. 
Therefore, patients should be monitored closely when aminogly- 
cosides are being used. Patients with impaired renal function, the 
elderly, those with underlying disease, those with prior exposure to 
potentially nephrotoxic agents, and those with poor host resistance 
are at special risk. During clinical trials in 3506 patients treated with 
tobramycin, investigators reported drug-related nephrotoxicity in 
1.5 percent (53 patients). 

In view of the effectiveness of Nebcin and the relatively low risk of 
nephrotoxicity, tobramycin can be an appropriate choice for patients 
requiring aminoglycoside therapy. 
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tobramycin sulfate 


80 mg*in 2-ml ampoules 
*Equivalent to tobramycin. 


Please see following page for a brief summary of the prescribing information. 


800730 
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Nebcin 


tobramycin sulfate 





Summary of Prescribing Information 


WARNINGS 
Patients treated with Nebcin should be under close clinrcal observation, 
because tobramycin and other aminoglycoside antibiotics have an inherent 
potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impairment 
may develop if patients have preexisting renal damage and if Nebcin is admin- 
istered for longer periods or in higher doses than those recommended. 

Tobramycin is potentially nephrotoxic. Rena! and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but who 
develop signs of renal dysfunction during therapy. Such impairment may be 
characterized by cylindruria, oliguria, proteinuria, or evidence of nitrogen 
retention (increasing BUN, NPN, or creatinine). Evidence of impairment in 
renal, vestibular, or auditory function requires discontinuation of the drug 
or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and prolonged 
concentrations above 12 mcg/ml should be avoided. Urine should be 
examined for increased excretion of protein, cells, and casts. 

Concurrent and sequentia! use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy — Safety of this product for use during pregnancy has 
not been established. 


Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injection is 
a clear and colorless sterile aqueous solution for parenteral administration. It is stable 
and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphylococci, 
including Staphylococcus aureus (coagulase-positive and coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; sericus lower respiratory infections; 
gastrointestinal infections, including peritonitis; and serious skin, bone, and soft-tissue 
infections, including burns, caused by the susceptible organisms listed above. Clinical 
studies have shown Nebcin also to be effective in serious complicated and recurrent 
urinary tract infections due to these organisms. Aminoglycosides, including Nebcin, 
are not indicated in uncomplicated initial episodes of urinary tract infections unless 
the causative organisms are not susceptible to antibiotics having less potential toxicity. 
Nebcin may be considered in serious staphylococcal infections when penicillin or 
other potentially less toxic drugs are contraindicated and when bacterial susceptibility 
testing and clinical judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate and 
identify etiologic organisms and to test their susceptibility to tobramycin. If suscepti- 
bility tests show that the causative organisms are resistant to tobramycin, other 
appropriate therapy should be instituted. In patients in whom gram-negative 
septicemia, neonatal sepsis, or meningitis is suspected, including those in whom 
concurrent therapy with a penicillin or cephalosporin and an aminoglycoside may be 
indicated, treatment with Nebcin may be initiated before the results of susceptibility 
studies are obtained. The decision to continue therapy with Nebcin should be based on 
the results of susceptibility studies, the severity of the infection, and the important 
additional concepts discussed in the WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 

Warnings: See WARNINGS box above. . 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg/kg). The possibility that prolonged or 
secondary apnea may occur should be considered if tobramycin is administered to 
anesthetized patients who are also receiving neuromuscular blocking agents, such as 
succinylcholine or tubocurarine. 

Cross-allergenicity among aminoglycosides has been demonstrated. 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 





Adverse Reactions: Nephrotoxicity — Renal function changes, as shown by rising 
BUN, NPN, and serum creatinine and by cliguria, cylindruria, and increased protein- 
uria, have been reported, especially in patients with a history of renal impairment who 
are treated for longer periods or with higher doses than those recommended. 

Neurotoxicity — Adverse effects on both the vestibular and auditory branches of the 
eighth nerve have been noted, especially in patients receiving high doses or prolonged 
therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the ears, and 
hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than those 
recommended. 

Other reported adverse reactions possibly related to Nebcin include increased serum 
transam nase (SGOT, SGPT) and increased serum bilirubin; anemia, granulocytopenia, 
and thrombocytopenia; and fever, rash, itching, urticaria, nausea, vomiting, headache, 
and lethargy. 

Suggested Dosage Guides —1.M./I1.V.: 

The usual duration of treatment is seven to ten days. 

Usual dosage for adults, children, and older infants (normal renal function) — 

3 mg/kg/day administered in three equal doses every eight hours. In life-threatening 

situations, the dosage may be increased up to 5 mg/kg/day administered in three or 

four equal doses. This dosage should be reduced to 3 mg/kg/day as soon as clinically 
indicated. (Refer to Table 1 for dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function) — 
Up to 4 mg/kg/day may be given in two equal doses every 12 hours. 

Dosage guidelines for adult or pediatric patients with reduced renal function — 

After a loading dose of 1 mg/kg, subsequent dosage must be adjusted either with 

reduced doses at eight-hour intervals or with normal doses at prolonged intervals. 

To determine the reduced dose at eight-hour intervals, see the convenient nomogram 

in the package literature* To calculate normal dosage at prolonged intervals (if the 

creatinine clearance rate is not available and the patient's condition is stable), the 
following formula may be used: 
1 mg/kg q(6 x serum creatinine) h 

Neither regimen should be used when dialysis is being performed. 

l. V. Administration — The usua! volume of diluent for adults is 50 to 100 ml. For 
children, the volume of diluent should be proportionately less than for adults. The 
diluted solution usually should be infused over a period of 20 to 60 minutes. 


*An alternate rough guide for determining reduced dosage at eight-hour intervals (for patients 
whose steady-state serum creatinine values are known) is to divide the normally recommended dose by 
the patient's serum creatinine. 


Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 


Usual Dose for 
Serious Infections 


Maximum Dose for Life- 
Threatening Infections 
(Reduce as soon as possible) 
1.66 mg/kgq8h 
(Total, 5 mg/kg/day) 


For Patient 
Weighing 
kg Ib 


1 mg/kgq8h 
(Total, 3 mg/kg/day) 


ml/dose* 


3 ml 
2.9 ml 
2.75 ml 
2.6 ml 
2.5 ml 
2.4 ml 
2.25 ml 
2.1 ml 
2 ml 
1.9 ml 
1.75 ml 
1.6 ml 
1.5 mi 
1.4 ml 
1.25 ml 
1.1 ml 
1 ml 





tApplicable to all product forms except Nebcin, Pediatric, Injection (see How Supplied). 


How Supplied: Ampoules (Vials) Nebcin® (tobramycin sulfate, Lilly), Injection, 80 mg 
(equivalent to tobramycin) per 2 ml, 2 ml, rubber-stoppered, in packages of 1 and 
Traypaks™(multivial cartons, Lilly) of 25. 

Ampoules (Vials) Nebcin, Pediatric, Injection, 20 mg (equivalent to tobramycin) per 
2 ml, 2 ml, rubber-stoppered, in packages of 1. 

Hyporets* (disposable syringes, Lilly) Nebcin, Injection, 60 mg (equivalent to 
tobramycin) per 1.5 ml, 1.5 ml, and 80 mg (equivalent to tobramycin) per 2 ml, 2 ml, 
in packages of 24. 

Each ml also contains 5 mg phenol as a preservative, 3.2 mg sodium bisulfite, O.1 mg 
edetate disodium, and water for injection, q.s. Sulfuric acid and/or sodium hydroxide 
may have been added to adjust the pH. [030476c] 


Additional information available to the profession 
on request from Eli Lilly and Company, 
Indianapolis, Indiana 46206. 


Lilly Eli Lilly Industries, Inc. 


Carolina, Puerto Rico 00630 


800646 


“Current abstracts are amplified and illuminated by comments of the mem- 
bers of the Editorial Board, based on their own clinical experiences as well as 
those of other recognized authorities’... just one of the reasons why 


Current 
SUFSCFEV esos 


Editor: Lloyd M. Nyhus, M.D. 


Associate Editors: Robert E. Condon. M.D.. 
W. G. Schenk, Jr., M.D., Seymour Schwartz. M.D. 





helps Resident (special rate only $16.00 ) and Veteran Surgeon alike to 
keep up with current progress, trends, and attitudes in all branches of 
surgery and the surgical specialties. 


A true saver of precious reading time—from its detailed Contents Pages to 
Its meaty reviews, and abstracts especially classified for reader convenience— 
a typical issue includes: 


e Focus—several Reviews of timely or other 
special significance 
e An original Report of major importance 


e Twenty or more Abstracts with Commentary 
(and oft-times, rebuttal) 


e Residents Corner—comprising Brief (1 to 3-page) 
Reports and Investigations 


k e In-depth Reviews of Current Books in Surgery 


TO PUT THE BIMONTHLY CURRENT SURGERY AT YOUR FINGERTIPS NOW, 


SUBSCRIBE TODAY... 


J. B. LIPPINCOTT COMPANY, East Washington Square, Philadelphia, Pa. 19105 AS 10/79 


Please enter my subscription to CURRENT SURGERY for 1 year (6 issues), at 
O $20 (U.S.); O $24 (all other countries); Resident Rate 0 $16 (U.S. only; also note 


“year” of residency and Specialty -— k 
PLEASE PRINT C] Payment Enclosed. 
EU ee es TRE m (] Charge my account. 


Address . . My Specialty is: 


City/State/ Zip — OOF NE DE EN TITRE 





VEIN IS UNSUITABLE OF 
THERE / 


The product is Biograft. And the time is 
now. Meadox has developed the 
technique for preserving and processing 
the human umbilical cord vein to create 
a peripheral vascular graft proven 
effective in almost four years of 

clinical evaluation. 


A special glutaraldehyde tanning process 
converts the umbilical vein into an inert 
biopolymer. The result is a strong, truly 
biocompatible, non-antigenic graft. 
Scientific research using infra-red 
spectroscopy, critical surface tension 
measurement and scanning electron 
microscopy confirms the non-throm- 
bogenic nature of the graft. Electronega- 
tivity and compliance are comparable 
to that observed in the saphenous vein. 


Unlike bovine collagen grafts or the ASV, 
there are no branches or valves in Biograft. 


& MM, Meadox, and Dardik Biograft are trademarks of Meadox Medicals, Inc 





NOW...WHEN 









A RELIABLI 


Because there is no enzyme digestion with 
ficin, the basic architecture is preserved. 
The lumen has a uniform diameter and the 
blood flow surface is a basement mem- 
brane under which the muscle layer is in- 
tact. A fine Dacron? mesh has been 
applied over the outer surface for added 
strength and to promote perigraft attach- 
ment. Most important, there is no ingrowth 
or intimal hyperplasia which can cause 

a blockage of the lumen in other grafts. 





From November, 1975 through August, 1979 
more than 5000 Biografts have been sup- 
plied to surgeons worldwide. In a closely 
monitored clinical evaluation which began 
in November, 1975, seventeen surgeons par- 
ticipated with a sample follow-up of 791 im- 
plants. The clinical report, based on this 
three-year study, is now available (see order 
form below). 


Dacron is a trademark of EI DUPONT. © 1979 Meadox Medicals 


contemporary surgery | 





A SAPHENOUS 
UNAVAILABLE, 
ALTERNATIVE. 








CUMULATIVE PATENCY Availability and Sizes 


Femoral-Popliteal Bypass Biograft can be ordered from Meadox in the 


Above and Below the Knee 
17 Investigators n = 519 same manner as a synthetic graft. Lengths 


range from 15 to 7O cm. Diameters are 5 or 
6mm. In addition, 6 mm to 5 mm tapered 
grafts are available in lengths of 55 cm 
and longer. 


A Reasonable Choice 


Take the time now to look at Biograft - a 
product you can use today with confidence. 
Broad-based clinical results are showing 
favorable cumulative patency and limb sal- 
vage rates well into the fourth year. It is be- 
coming clear that the structural and bio- 
24 chemical qualities of Biograft make it 

MONTHS ideally suited for small caliber peripheral! pro- 


cedures - both above and below the knee. 
Reality of Limb Salvage 
The patient requiring Biograft usually & 
*- presents with a serious and advanced state Meadox 


of disease. Bypass may be the only alterna- 
tive to amputation. And Biograft is the only | AAI IK HX 


reliable alternative to the saphenous vein. 
MEADOX MEDICALS, INC., OAKLAND, N.J. O7436 


Meadox Medicals, Inc. 
, P.O. Box 530, 103 Bauer Drive 
l Oakland, N.J. 07436 
Toll-Free (800) 631-8988 





Please send me 
the following: 





1 36 month Clinical Report — Bibliography / Abstracts 
C] Film order card-"Femoral- Peroneal Direction & Uses Booklet 
Bypass"- 16mm 


— Please have your Graft Specialist call 
(| Technical and Surgical Factors Booklet to arrange for a demonstration 
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WHY DOA 
SIGMOIDOSCOPY 
AND MISS HALF 
THE SIGMOID? 


The Olympus TCF-1S flexible sigmoidoscope lets you see what you’ve been missing. 











Up to 70% of colorectal disease occurs in 
the sigmoid, frequently beyond the reach 
of the rigid sigmoidoscope.'* In fact, a 
study conducted at the Department of 
Gastroenterology at the University of Ore- 
gon revealed that nearly one half (44%) of 
polyps detected in the sigmoid were loca- 
ted above the 20-cm mark.' 















Rigid sigmoidoscope (left) has limited reach and maneuverability and narrow view field. 
Flexible TCF-1S (right) can easily be maneuvered in the sigmoid and has wide-angle optics 


d Study shows that the Olympus TCF-1S identified 412 times 
a \ as many polyps as the rigid sigmoidoscope. 


e The average Olympus TCF-1S procedure allows you tc 
examine nearly three times more of the lower bowel than 
rigid sigmoidoscopy. 

e On the same patient group, the TCF-1S detected 

36 polyps as compared to eight identified with the 
rigid scope. 

e Preparation time for both rigid and flexible 
sigmoidoscopy is the same; a simple water or 
disposable enema is sufficient. Patient position 
(knee-chest) is the same for both 

procedures. 

* Average examination time with the 

Olympus TCF-1S is only a few minutes 

longer than rigid sigmoidoscopy, ever 

though the TCF-1S is inserted nearly 

three times further into the bowel. 

e More patients preferred the Olympus 

TCF-1S to the rigid sigmoidoscope 

after being examined with both. 


SEE FOR YOURSELF. 


Rigid Olympus 

sigmoidoscope TCF-1S _ 
Average distance advanced 20.4cm 55cm 
Number of neoplastic 8 36 
lesions detected 
Preparation required 
Examination position knee-chest knee-chest 
Average examination time — 5.9 min 9.4 min 
Patient preference 33%" 43%" 


*2496 had no preference 


Adapted from Katon RM, et al 


Distance from 
anal verge (cm) 


Number of polyps identified 


Rigid Olympus 
sigmoidoscope TCF-1S _ 
0-10 2 3 
TT-15 13 
16-20 4 
21-25 7 
26-35 7 
36-60 2 
Total 36 


Adapted from Katon RM. et al 1 





In an additional study comparing flexible and 
rigid sigmoidoscopy in 1,012 patients, diagnostic 
yield of the flexible scope was 3.2 times that of 
the rigid ^ 


THE CHOICE IS CLEAR. 


Unique design makes the Olympus TCF-1S the 
instrument of choice for thorough, accurate 
examination of the rectum and sigmoid. Its extra- 
large suction/biopsy channel, 5mm in diameter, 
allows you to suction mucus and even small 
amounts of stool while simultaneously performing 
biopsies. 


The TCF-1S is simple to operate, with easy one- 
hand control for smooth insertion and maneuver- 
ability. Its distal tip bends four ways through a 
210° range, making every colorectal site readily 
visible and accessible. 


Olympus didn't become No. 1 in fiber endoscopy 
without having the finest optics. A precisely 
aligned fiber bundle allows the TCF-1S to deliver 
the clearest, brightest images possible. And as 
with every Olympus fiberscope, the TCF-1S is 
backed by the most extensive service organiza- 
tion of its kind in the United States. 


Isn't it time you looked into Olympus? 
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OLYMPUS 


simple enema simple enema 
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l'D LIKETO SEE FOR MYSELF. 


O Have my Olympus Representative contact 
me for a TCF-1S demonstration. 


C Send me additional literature on the Olympus 
TGCF-13. 


Name 

Institution 

Address 

"o | — —ÁÁ 
Telephone (__) 


Medical specialty 


Olympus Corporation of America 
Medical Instrument Division 
4 Nevada Drive 
New Hyde Park, New York 11042 
(516) 488-3880 
AS 10/79 
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Improved 


braided construction 
results in: 


Superior smoothness 

Better knot security 

Improved handling characteristics 

— |n addition to the other benefits 
VICRYL suture is known for. Available 
dyed and undyed on a wide variety 
of needles. 


Available braided, 
dyed and undyed. 


ETHICON 


the closing word 
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COMPLETE PRODUCT INFORMATION 


VICRYL:* (Polyglactin 910) 
Synthetic Absorbable Suture 


DESCRIPTION VICRYL (polyglactin 910) synthetic ab 
sorbable suture is prepared from a copolymer of glycolide 
and lactide. These substances are derived respectively from 
glycolic and lactic acids. The empirical formula of the co- 
polymer is (C. H,O.)m(C.H,O )n 

VICRYL sutures are sterile, inert. nonantigenic. nonpyro 
genic. and elici. only a mild tissue reaction during absorption 
The braided and monofilament sutures are colored violet to 
enhance visibility in tissue. The braided suture is also avail 
able undyed (natural) 


ACTIONS Two important characteristics describe the in 
vivo behavior of absorbable sutures: first, tensile strength 
retention. and second. the absorption rate (loss of mass) 
Subcutaneous tissue implantation studies of VICRYL suture 
in rats show at two weeks post-implantation approximately 
55% of its original tensile strength remains. while at three 
weeks approximately 20% of its original strength is retained 
Intramuscular implantation studies in rats show that the 
absorotion of VICRYL suture is minimal until about the 40th 
post-implantation day Absorption is essentially complete 
between the 60th and 90th days 


INDICATIONS VICRYL synthetic absorbable suture is in 
tended for use as an absorbable suture or ligature 


CONTRAINDICATIONS This suture. being absorbable 
should not be used where extended approximation of tissues 
under stress is required 


WARNINGS The safety and effectiveness of VICRYL (poly- 
glactin 910) Suture in neura tissue and in CaraiovaSculad! 
surgery have not been established 

Under certain circumstances. notably orthopedic proce 
dures immobilization by external support may be employed 
at the discretion of the surgeon 

Do not resterilize 


PRECAUTIONS VICRYL suture knots must be properly 
placed to be secure Place the first throw in precise position 
for the final knot using a double loop; tie the second throw 
Square, using horizontal tension, additional throws are 
advisable 

Skin and conjunctival Sutures remaining in place longer than 
7 days may cause localized irritation and should be removed 
as indicated 

Acceptable surgical practice must be followed with respect 
to drainage and closure of infected wounds 


ADVERSE REACTIONS Reactions reported in Clinical 
trials which may have been suture related have been mini 
mal These include skin redness and induration. rare in 
stances of hemorrhage. anastomotic leakage. wound 
separation in the eye. and abscesses 


DOSAGE AND ADMINISTRATION Use as required per 


operation 


HOW SUPPLIED VICRYL sutures are available sterile. as 
braided dyed (violet) and undyed (natural) strands in sizes 
3 to 8-0. in a variety of lengths. with and without needles 
and on LIGAPAK ligating reels VICRYL sutures moro 
fdament. dyed (violet) are available in sizes 9-0 and 10-0 
in a variety of lengths with needles 

Also available in sizes 1 to 4-0 attached to 

CONTROL RELEASE needles 
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SECOND EDITION 
R 


Illustrated Preoperative 


and Postoperative Care 


By Philip Thorek, M.D., F.A.C.S., F.I.C.S 
Illustrated by Carl Linden 


Relving on the use of original illustrations cou- 
pled with succinct, on-target text, this second 
edition of Illustrated Preoperative and Postopera- 
tive Care is a masterful exposition of Dr. Thorek's 
rich personal experience. 
Practicalitv is the theme as Dr. Thorek covers 
evaluation of the surgical patient, the immediate 
post-op period, the recovery room, use of fluid 
and electrolytes, chemotherapy, and surgical 
complications. The chapter on surgical pharma- 
cologv, new to this edition, includes the concepts 
of alpha and beta stimulators and blockers as 
they pertain to the therapeutic value of various 
drugs. 
The beautiful illustrations support the text ad- 
mirablv, and in many cases are fully explanatory 
in themselves. 
*. . . a useful reference source for neophyte or 
experienced surgeon alike."—Military Medicine 
“. . . invaluable to any student, surgeon, resident, 
intern or clerk, who ever intends to do surgery 
of any type.’ —International Surgery. 
147 Pages • 79 a e 2nd Edition, 1973 * 
12.00 
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Now...in mod 


Important option when 
potent parenteral analgesics 
are indicated 


E Standard doses of Stadol are as 
effective in relieving pain as standard 
doses of both morphine ‘and 
meperidine.” 7 


B By either I.M. or I.V. route—pro- 
vides prompt onset of analgesia, 
achieves peak activity rapidly, main- 
tains effects for 3—4 hours. 


E Distinguished by its favorable side 

effects profile, '®?!> °° *’—low physi- 
cal-dependence liability, limited respi- 
ratory depressant effect, little nausea 


Unsurpassed pain relief 








20% — 1 
Moderate to severe pain, all doses I. V | 
«m Butorphonol tartrate 0.5 mg. | 
«umm Butorphanol tartrate 1.0 mg | 
3.0 = Butorphanol tartrate 2.0 mg. | 
s Morphine sulfate 2.5 mg. | 

-——- Morphine sulfate 5.0 mg 

(N=116 

2.3 


Pain relief score 





0.5 


0 $6 2:0 7938. 4.0 


Hours after administration 


Average mean pain relief scores 
In response to butorphanol tartrate 
and morphine sulfate 


In this study "'... butorphanol tartrate 

0.5 mg produced greater relief than 
morphine sulfate 2.5 mg and butor- 
phanol tartrate 1.0 and 2.0 mg produced 
greater relief than morphine sulfate 

5.0 mg." (DelPizzo') 


rate to sever 


pain 





and vomiting, and low incidence of 
CNS effects other than sedation. 


E 2 mg. of Stadol produces an order 
of respiratory depression similar to 
that caused by 10 mg. of morphine. 
In contrast to morphine, increasing 
Stadol doses yield greater analgesic 
effect,’ without appreciably increas- 
ing liability for respiratory depres- 
sion.'° 


Unsurpassed pain relief 









<i e 
| Moderate to severe pain, all doses I.M 
| =m Butorphano! | mg./70 kg 
| =m Butorphonol 2 mg./70 kg 

3.0r mee Butorphonol 4 mg./70 kg 

== Meperidine 40 mg./70 kg 
mum Meperidine B0 mg 70 kg 

2.5 N= 104 


Pain relief score 





—EE - > — 


0 Y ANI 2.0 3.0 4.0 


Hours after administration 


Average mean pain relief scores 
In response to butorphanol tartrate 
and meperidine hydrochloride. 


In moderate to severe pain, butorphanol 
tartrate provided relief ”... that was not 
statistically distinguishable from that 


achieved with 80 mg/70 kg meperidine.” 
(Gilbert et al) 


B The low addictive potential of 
Stadol** is underscored by its narcotic 
antagonist properties. 


Stadol is not recommended for 
patients physically dependent on 
narcotics or with significant pre- 
vious narcotic experience. Its use 
in such patients, without prior 
detoxification, will result in induc- 
tion of withdrawal reactions. 


Limited respiratory depressant effect 


7.0 





5.0 


3.0 


Displacement of PACO; (Torr) 


Placebo 


30 60 150 300 
Log dose (j4g./ kg.) 
Log dose PACO, displacement curves 


In this graph based on alveolar carbon 
dioxide tension (PACO;) measurements, 
the flatter the curve, the less respiratory 
depression. "The flat dose-response curve 
...0f butorphanol may indicate that, 
because of its antagonistic properties, 
there is a limit to its respiratory depres- 
sant effects. (Adapted from Nagashima et al'5) 
Unlike morphine with its steep dose- 
response curve, the magnitude of res- 
piratory depression does not increase in a 
dose-related manner with Stadol, within 
the range of recommended doses. 
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Butorphanol (48 mg./ day) 





0 5 10 15 20 25 30 
Initial days on drug 


Preference scores completed by subjects 
during chronic butorphanol tartrate 
administration compared with scores 
from three other groups of subjects re- 
ceiving 30, 120 and 240 mg. of morphine 
daily. (Adapted from Jasinski et al?*) 
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Clinical 


parameters Meperidine Morphine 


Schedule II Schedule II 
moderate to moderate to 
severe pain 


Control status 










Indication 
severe pain 


Standard I.M. 
dose 


Standard I.V. | 50-100 mg. 4—10 mg. 
dose | 


Usual route of 
administration 


| LM./I.V. 


30 minutes 
I.M., very 
rapidly I.V. 










30 minutes 
I.M., very 
rapidly I.V. 





Onset of pain 
relief 
































within 1 hour 
I.M., within 
20 minutes I.V. 


dose-related 
depression 


| within 1 hour 
— |.M,, within 
30 minutes l.V. 


Peak analgesic 
activity 





Duration of pain | 


slightly less 
relief I.M./I.V. 


than morphine 










| Addicting 
potential 


|. high 








dose-related 
depression 





Respiratory 
effects 





closer to 
the ideal 

parenteral 
analgesic 


The following table shows a side-by-side clinical comparisc 
of Stadol with both morphine and meperidine. 











Stadol 


Nonscheduled 





moderate to 
severe pain 


2 mg. 
(1 to 4 mg.) 


] mg. 
(0.5 to 2 mg.) 


I.M./I.V. 


less than 30 
minutes I.M., 
very rapidly I.V. 


within 1 hour 
I.M., within 
30 minutes I.V. 


3—4 hours 
low 


limited depres- 
sion—no appre- 
ciable dose- 
related increase 
within the range 
of recommended 
doses. 


Data for this table were obtained from: Jaffe, J. H. and Martin, W. R.: Narcotic analgesics and 
antagonists, in The Pharmacological Basis of Therapeutics (Goodman, L. S. and Gilman, A., eds.), 


pp. 325—339; and from manufacturer recommendations. 


Please see last page for a brief summary of prescribina information. 


ed. 5, New York, Macmillan, 1975, pp. 245—283; AMA Drug Evaluations, ed. 3, Chicago, 1977, 
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INDICATIONS AND USAGE — 

Stadol is recommended for the relief of moderate to severe pain. 
CONTRAINDICATIONS — Stadol should not be administered to patients who have 
been shown to be hypersensitive to it. 

WARNINGS — Patients physically dependent on narcotics: Because of its an- 
tagonist properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 

Due to the difficulty in assessing addiction in patients who have recently received sub- 
stantial amounts of narcotic medication, caution should be used in the administration of 
Stadol. Detoxification of such patients prior to usage should be carefully considered. 
Drug dependence: Special care should be exercised in administering Stadol to emo- 
tionally unstable patients and to those with a history of drug misuse. When long-term 
therapy is contemplated, such patients should be closely supervised. Even though 
Stadol has a low physical-dependence liability, care sold be taken that individuals 
who may be prone to drug abuse are Bon supervised. It is important to avoid in- 
creases in dose and frequency of injections by the patient and to prevent the use of the 
drug in anticipation of pain rather than for the relief of pain 
Head injury and increased intracranial pressure: Kithough there is no clinical ex- 
perience in patients with head injury, it can be assumed that Stadol, like other potent 
analgesics, elevates cerebrospinal fluid pressure. Therefore the use of Stadol in cases of 
head injury can produce effects (e.g., miosis) which may obscure the clinical course of 
patients with head injuries. In such patients Stadol must be used with extreme caution 
and only if its use is deemed essential. 

Cardiovascular effects: Because Stadol increases the work of the heart, especially the 
pulmonary circuit (see Clinical Pharmacology), the use of this drug in acute myocardial 
infarction or in cardiac patients with ventricular dysfunction or coronary insufficiency 
should be limited to those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS — Certain respiratory conditions: Because Stadol causes some res- 
piratory depression, it should be administered only with caution and low dosage to pa- 
tients with respiratory depression (e.g., from other medication, uremia, or severe inlec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 

Impaired renal or hepatic function: Although laboratory tests have not indicated 
that Stadol causes or increases renal or hepatic impairment, the drug should be ad- 
ministered with caution to patients with such impairment. Extensive liver disease may 
predispose to greater side effects and greater activity from the usual clinical dose, pos- 
sibly the result of decreased metabolism of the drug by the liver. 

Biliary surgery: Clinical studies have not been done to establish the safety of Stadol 
administration to patients about to undergo surgery of the biliary tract. 

Usage in pregnancy: The safety of Stadol for use in pregnancy has not been estab- 
lished; therefore, this drug should be used in pregnant patients only when, in the judg- 
ment of the physician, its use is deemed essential to the welfare of the patient. 

Reproduction studies have been performed in rats, mice, and rabbits and have re- 
vealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 2.5 
to 5 times the human dose. 

Usage in labor and delivery: Safety to the mother and fetus following administration 
of Stadol during labor and delivery has not been established. 

Usage in nursing mothers: The use of Stadol is not recommended in nursing mothers 
since it is not known whether this drug is excreted in human milk. 

Pediatric use: Safety and efficacy in children below age 18 years have not been estab- 


lished. 
ADVERSE REACTIONS —The most frequent adverse reactions in 1250 patients treated 
with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy/sweating (76, 6%). 

Less frequent reactions are: headache (35, 3%), vertigo (33, 3%), floating feeling 

ies oc, dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness 
12, 1%). 

Other adverse reactions which may occur (reported incidence of less than 196) are: 
CNS effects: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic effects: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 
Eye: diplopia or blurred vision 
OVERDOSAGE — Manifestations: Although there have been no experiences of over- 
dosage with Stadol during clinical trials, this may occur due to accidental or intentional 
misuse as well as therapeutic use. Based on the pharmacology of Stadol, overdosage 
could produce some degree of respiratory depression and variable cardiovascular and 
central nervous system effects. 
Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated con- 
stantly and appropriate supportive measures instituted, such as oxygen, intravenous 
fluids, vasopressors, and assisted or controlled respiration. 
DOSAGE AND ADMINISTRATION —Adults: Intramuscular — The usual recom- 
mended single dose is 2 mg. This may be repeated every three to four hours, as neces- 
sary. The dikici No dosage range, depending on the severity of pain, is 1 to 4 mg. re- 
peated every three to four hours. At this time, there is insufficient clinical data to rec- 
ommend single doses beyond 4 mg. 
Intravenous — The usual recommended single dose for intravenous administration is 1 
mg. repeated every three to four hours as necessary. The effective dosage range, de- 
pending on the severity of pain, is 0.5 to 2 mg. repeated every three to four hours. 
Children: Since there is no clinical experience in children under 18 years, Stadol is not 
recommended in this age group. 
Storage conditions: When stored at room temperature, the stability of the solution in 
vials is 2 years. 
SUPPLY — Stadol (butorphanol tartrate) Injection for I.M. or I. V. use, 2 mg. per ml., 
2-ml. vial; 1 mg. per ml., 1-ml. vial; 2 mg. per ml., 1-ml. vial; 2 mg. per ml., 10-ml. 
multi-dose vial. 
NDC 0015-5644—2 mg. per ml., 2-ml. vials 
NDC 0015-5645—] mg. per ml., 1-ml. vials 
NDC 0015-5646—2 mg. per ml., 1-ml. vials 
NDC 0015-5648— 2 mg. per ml., 10-ml. multi-dose vials 

For information on package sizes available, refer to the current price schedule. 
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Ten Year Experience with Renal Transplantation in 


Juvenile Onset Diabetics 


J. S. NAJARIAN, M.D., D. E. R. SUTHERLAND, M.D., R. L. SIMMONS, M.D., R. J. HOWARD, M.D., 
C. M. KJELLSTRAND, M.D., R. C. RAMSAY, M.D., F. C. GOETZ, M.D., D. S. FRYD, PH.D., B. G. SOMMER, M.D. 


Between 1968 and 1978, 305 juvenile onset diabetic patients 
with uremia and 462 nondiabetic uremic patients of similar 
age received primary renal allografts at the University of 
Minnesota. Two hundred eight of the diabetic patients are alive 
and 190 have functioning renal grafts three months to ten years 
after transplantation. Cumulative patient survival rates at two 
years for diabetic recipients of kidneys from HLA identical 
siblings, other related and cadaver donors are 90, 73 and 68%, 
respectively, the corresponding graft functional survival rates 
are 90, 67 and 55%. For nondiabetic patients receiving 
kidneys from the same donor categories the corresponding 
patient survival rates are 97, 86 and 75%, while the graft func- 
tional survival rates are 94, 77 and 64%. The differences in 
patient and graft survival between diabetic and nondiabetic 
recipients are statistically significant only for the patients re- 
ceiving grafts from HLA-nonidentical related donors. For all 
recipients under the age of 30, there are no statistically 
significant differences in patient and graft survival. Regard- 
less of the age of the patient or the source of the kidney, the 
survival of diabetic patients treated with transplantation at our 
institution is better than the use of chronic hemodialysis, 
alone. Technical complications do not occur more frequently 
in diabetic transplant recipients. Cardiovascular disease is 
responsible for most of the late deaths in these diabetic 
patients. Amputations of digits or extremities have been re- 
quired in 15% of the diabetic patients. On the positive 
side, the vision of 88% of these recipients remained stable or 
had improved visual acuity, and 82% of the diabetic patients 
were actively rehabilitated after transplantation. Kidney trans- 
plantation is the treatment of choice for end-stage renal failure 
in diabetic patients, just as it is for most uremic patients. 


REMIA IS THE MAJOR CAUSE of death in patients 
who live more than 20 years after the onset of 
insulin dependent diabetes mellitus.5!??! Until re- 
cently, most uremic diabetics were not treated with 
dialysis and transplantation. Chronic hemodialysis 





IAA RAAN PAAA nahana ra A Ara er hema AA AAA a 


Presented at the Annual Meeting of the American Surgical Asso- 


ciation, Hot Springs, Virginia, April 26-28, 1979. 
Reprint requests: John S. Najarian, M.D., Professor and Chair- 


man, Department of Surgery, University of Minnesota Hospitals, 

516 Delaware Street SE, Box 195 Mayo, Minneapolis, Minnesota 

55455. 

Supported by USPHS Grant 5 PO! AMI3083 (Dr. Najarian) and 
1 RO] EY02204 (Dr. Ramsay). Dr. Sutherland is the recipient of 





NIH Research Career Development Award | K04 AMOOIG6I. 





From the Departments of Surgery, Medicine and 
Ophthalmology, University of Minnesota Health Sciences 
Center, Minneapolis, Minnesota 


AMTEAR TNE TARA PHARA AAAA 


is unsatisfactory for them (Fig. 1),°°"" because 
vascular access is difficult to maintain," and the 
mortality is almost double that of nondiabetic hemo- 
dialysis patients."!" Fifteen to 40% of diabetic pa- 
tients die within a year after dialysis is started, and 
70% of all diabetics who begin maintenance dialysis 
are dead within three years.?^'" Diabetic patients on 
dialysis under 60 years of age have a mortality rate 
similar to that of nondiabetics over 60.? 

We have previously shown that the survival of 
uremic diabetic patients is greatly improved when 
they are treated by kidney transplantation. ^'" and 
that most of them regain their ability to lead an ac- 
tive and useful life. Recent reports from the Mayo 
Clinic? and from Scandinavia" support the policy of 
treating uremic diabetic patients with transplantation. 
Although diabetic patients are more prone to develop 
peripheral and cardiovascular disease, the frequency of 
other complications after transplantation is not signif- 
icantly different. Diabetic patients under the age of 30 
do particularly well, and if sibling donors are used the 
results in all age categories are nearly comparable to 
those in nondiabetic patients. In addition, eye sight 
stabilizes in most diabetic patients after transplanta- 
tion, making rehabilitation easier. 

Since 1966, patients with uremia caused by diabetic 
nephropathy have routinely been accepted into the 
transplant program at the University of Minnesota. 
Ten of the first 11 patients received simultaneous 
pancreaticoduodenal and primary renal allografts," 
and are not included in this report. Between Sep- 
tember 23, 1968, and December 31, 1978, 307 pa- 
tients with juvenile onset insulin dependent diabetes 
mellitus were treated for end-stage renal failure with 
kidney transplantation alone. An analysis of the first 
132 patients has been previously reported.'* The 
lessons we have learned from our early experience 


0003-4932/79/1000/0487 $01.20 © J. B. Lippincott Company 
487 


488 
100 


Totten (1977) n=27 
Rothchild (1975) n= 17 
Shifkin (1976) n=97 
Sorkin (1976) n= 25 
Rao (1977) n= 60 


Curnulative Percent 
Q 
Q 





1 2 4 
Years on Dialysis 


Fic. 1. Patient survival reported for uremic diabetics on chronic 
maintenance hemodialysis.? 


are reflected by an improved outcome in the next 175 
patients. Results from the total group form the basis 
of this report. Comparison is made to 462 nondiabetic 
patients of a similar age range who were transplanted 
during the same 10 year period. 


Materials and Methods 


No rigid criteria exists for acceptance of patients 
into the transplant program at the University of 
Minnesota. Some of the diabetic patients had previous 
myocardial infarcts, many were blind, and some had 
such severe neuropathy that they could not walk. A few 
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Fic. 2. Number of primary renal transplants to diabetic recipients 
by year, University of Minnesota, 1968— 1978. 
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TABLE 1. Demographic Data on 305 Diabetic Recipients 
of Primary Renal Allografts* 





No. 
Patients Mean Range 
Age at Transplant 34.1 16-62 
« 30 years 100 
30—40 years 132 
>40 years 73 
Age Onset 
of Diabetes 13.0 1-39 
<10 years 81 
10-30 years 216 
730 vears 8 
Duration of Diabetes 21.1 6—38 
<10 years 3 
10-30 years 285 
230 17 
Interval from Dialysis 
to Transplant 3.8 mos 0—41 mos 
«f wk (0—3 dialysis) 66 
0.25 mos-4 mos 153 
74 mos 86 


* Includes 198 males and 107 females. 


patients were afflicted with several of these complica- 
tions and were not transplanted. 

The 307 diabetic patients received a total of 326 kid- 
neys over the ten year period. All but two of the pa- 
tients received a primary renal transplant here; two 
patients had received a first, unsuccessful, graft at 
another center. Twenty-one patients received a second 
transplant after loss of the first graft. Figure 2 shows 
the number of primary transplants by year. 


Patient Population 


The demographic data on the diabetic patients is 
given in Table 1. Sixty-six of the 305 patients were 
not dialyzed, or were dialyzed no more than three 
times, before transplantation. The mean ( x S.D.) serum 
creatinine level in these patients at the time of trans- 
plantation was 6.8 + 1.4. These patients reflect our 
attempt to transplant patients early to prevent the 
acceleration. of retinopathy and neuropathy by 
uremia.'* The etiology of renal failure was diabetic 
nephropathy in all instances. 


Tissue Typing and Donor Source 


Histocompatibility typing and cross matching tech- 
niques have been previously described.* Living related 
donors were the source of 196 primary renal grafts, 
and 55 of these were from siblings who were pheno- 
typically HLA-identical with the recipient. Cadavers 
were the source of 109 kidney grafts. In 26 instances, 
the donor and recipient shared <1 HLA antigen of 
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TABLE 2. Source of Primary Renal Allografts Transplanted Into 
305 Diabetic and 462 Nondiabetic Patients (University of 
Minnesota, September 23, 1968 to December 31, 1978) 
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tapered to 0.5 mg/kg by two months, and 0.25 mg/kg 
by one year, and local graft irradiation (150 rads every 
other day for three doses). Recipients of kidneys from 


Diabetic Nondiabetic HLA identical sibling donors were treated similarly 

TP one PCA No. Per Cent except irradiation was not given, the doses of ALG 

(20 mg/kg/day) and prednisone (1 mg/kg/day tapered 

HL A-identical Sibling 55 18 73 16 to 0.2 mg/kg/day) were lower. Rejection episodes 
RES ESO T " m - were treated with local irradiation to the graft, an 
Ee j 109 36 216 47 increase in prednisone dosage to 2 mg/kg/day and, in 


the A and B loci, and in 83 instances they shared 
—2 antigens. Since 1976 it has been our policy to 
transplant cadaver kidneys only when the donor and 
recipient share at least two antigens, although excep- 
tions were made. Table 2 shows that the percentage of 
donors in each of the three source categories were 


not significantly different between the diabetic or non- 
diabetic groups. 


Patient Management 


Patients were prepared for transplantation according 
to our standard protocol.'' Ninety-eight of the diabetic 
patients underwent bilateral nephrectomy and splenec- 
tomy before transplantation. The indications for 
nephrectomy were severe hypertension uncontrolled 
with medication and dialysis, chronic urinary tract 
infection, ureteral reflux, or massive proteinuria. One 
hundred thirty-two patients had splenectomy in com- 
bination with the kidney transplant; 74 patients did 
not have a splenectomy. In one patient the spleen was 


` removed after transplantation because of leukopenia. 


After transplantation, immunosuppressive treatment 
was given.” Briefly, recipients of cadaver kidneys or 
kidneys from HLA-nonidentical related donors re- 
ceived antilymphocyte globulin (ALG) (30 mg/kg/day) 
intravenously for two weeks, methylprednisolone 
20 mg/kg/day intravenously for three days, azathioprine 
5 mg/kg/day, tapered to a maintenance dose of 2—2.5 
mg/kg/day by one week, prednisone 2 mg/kg/day, 


some instances, administration of methylprednisolone 
20 mg/kg for 3 days. If irreversible rejection oc- 
curred, the patients were returned to maintenance 
hemodialysis, and in most cases the grafts were 
removed. 


Special Studies 


Most of the diabetic patients had complete ophthal- 
mologic examinations before, and serially after, trans- 
plantation. The changes in corrected visual acuity 
from baseline were recorded. In some patients, 
biopsies of the transplanted kidney were performed. 
In addition, the kidney grafts from patients who died 
were examined for evidence of recurrent morphologi- 
cal changes characteristic of diabetic nephropathy. 


Analysis of Results 


The influence of donor source and histocompatibility 
match, age and sex of the recipient, and the inter- 
val between dialysis and transplantation on patient 
and graft survival were determined. Survival statistics 
were calculated by actuarial techniques.'® All causes 
of death and all cause of kidney loss were included 
in the analysis, even if death occurred on dialysis 
after loss of graft function. Patient and graft survival 
results are plotted out to four years. After that time 
the number of patients in the various subcategories 
were too small for statistical comparison (Table 3). The 
generalized Wilcoxon test of Gehan" was used to 
determine the significance of differences, and p values 
refer to the overall test for significance of whole curves. 


TABLE 3. Number of Diabetic and Nondiabetic Renal Allograft Recipients at Risk According 
to Years Posttransplant and Donor Source 


M M M ÀÀ— MÀ nnn nner ate a et 


HL A-identical Related 
Sibling HL A-nonidentical Cadaver Total 
Year Non- Non- Non- Non- 

Posttrans. Diabetic diabetic Diabetic diabetic Diabetic diabetic Diabetic diabetic 
aii 

0 55 73 141 173 109 216 305 462 

l 44 60 9] 145 66 151 201 356 

2 31 53 68 124 43 123 142 300 

3 23 50 40 99 22 105 85 254 

4 i1 49 29 81 12 84 52 214 
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"Cadaver 
(n=216} Fig. 3. Patient survival in 
305 diabetic, A, and 462 
nondiabetic, B, primary 
renal allograft recipients, 
according to donor source. 


Years Posttransplant 


The progression of vascular and ophthalmologic dis- 
ease after transplantation was tabulated, and the voca- 
tional rehabilitation of the 208 survivors was determined. 


Results 
Patient Survival 


Two hundred eight (68%) of the 305 diabetic re- 
cipients with primary renal allografts are alive three 
months to ten years after transplantation. Figure 3 
shows the cumulative patient survival of diabetic and 
nondiabetic recipients according to donor source. 
The diabetic recipients have a much higher survival 
rate when the kidney comes from a HL A-identical 
sibling rather than from other donors (p < 0.02). The 
survival of diabetic patients receiving kidneys from 
cadavers or from HL A-nonidentical relatives is essen- 
tially the same (p — 0.24). In contrast, the survival 
of nondiabetic patients receiving kidneys from HLA- 
nonidentical relatives is intermediate between that of 
nondiabetics receiving kidneys from cadaver or HLA- 
identical sibling donors. In addition, for diabetic 
recipients of cadaver kidneys, patient survival is 


TABLE 4. Patient and Graft Functional Survival in 305 Diabetic and 
462 Nondiabetic Renal Allograft Recipients at Two Years 
According to Donor Source 


eee mien rea d AA iR a Rr t t HH eme eerte emere imeem 


Cumulative Cumulative 
Per Cent Per Cent 
2 Year 2 Year 
Patient Survival Graft Survival 
Di- Non- Di- Non- 
Donor Source abetic diabetic — abetic diabetic 
e hs tc I aE aI hale hl ae 
HLA-identical Sibling 90 97 90 94 
Related HL A-nonidentical 73 86 67 77 
Cadaver 68 75 55 64 
Total group 73 83 66 74 
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the same whether the kidney were matched for <1 or 
z2 HLA antigens of the A and B loci with the 
recipient. This result is different than the findings in 
nondiabetic recipients where recipients receiving a 
well-matched kidney have a 14% better survival rate 
at two years." However, the use of HL A-identical 
sibling kidneys provides a real advantage for the 
diabetic patient: 90% of the recipients in this cate- 
gory are alive at three years. 

The differences in patient survival between diabetic 
and nondiabetic recipients at two years are shown in 
Table 4. It can be seen that there is little or no penalty 
associated with being diabetic if the kidney comes from 
an HLA-identical sibling; survival is only 10% less 
than that of nondiabetics (p « 0.06). For recipients of 
kidneys from other related donors or from cadaver 
donors, patient survival is 13% (p < 0.001) and 7% 
(p = 0.013) less in diabetic than in nondiabetic pa- 
tients at two years. These differences are significant 
only for recipients of kidneys from HLA-nonidentical 
related donors. For the entire diabetic population, how- 
ever, regardless of donor source, patient survival is 
significantly less (10%) than in nondiabetic recipients 
(p « 0.001). Nevertheless, no matter what the source 
of the kidney, diabetic patients transplanted at our 
institution have a better survival than most diabetic 
patients dialyzed elsewhere (Fig. 1). 


Causes of Death 


Table 5 summarizes the causes of death in 97 
diabetic patients. Sepsis was the most common cause of 
death in these graft recipients, but this is also true for 
the nondiabetic renal allograft recipient.!* Although the 
actual incidence of deaths from sepsis is highest in graft 
recipients who are diabetic, their percentage of deaths 
from sepsis is actually less, primarily because of the 
diabetics higher rate of cardiovascular deaths. 


: i Other 
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TABLE 5. Causes of 97 Deaths in 305 Diabetic Recipients 
of Primary Renal Transplants 


Per Cent 
No. of of Inci- 
Patients Deaths dence 
Sepsis 43 44 14.0 
viremia 12 12 3.9 
systemic bacteremia 23 24 7.5 
wound abscess 4 4 1.3 
superficial wound 
infection 0 — os 
sepsis following pancreas 
transplant 4 4 L3 
Vascular 28 29 9.1 
myocardial infarct 18 19 5.9 
cerebrovascular accident 4 4 1.3 
pulmonary embolism 4 4 1.3 
peripheral vascular 
disease l 1 0.3 
ruptured aneurysm l I 0.3 
26 21 8.5 
dialysis complications 14 14 4.6 
stopped dialysis 6 6 2.0 
suicide 2 2 0.7 
bowel obstruction ] l 0.3 
hypoglycemia l l 0.3 
unknown 2 2 0.7 


Cardiovascular disease was responsible for 29% of the 
total number of deaths. The earliest death from a myo- 
cardial infarction was not until four months after 
transplantation; the majority of deaths from this cause 
occurred more than one year after transplantation. The 
major causes of death other than those from sepsis or 
cardiovascular disease were primarily dialysis related, 
after loss of renal allograft function (Fig. 4). 


Kidney Allograft Functional Survival 


One hundred ninety (62%) of the 305 primary renal 
allografts in the diabetic patients are currently func- 
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Fic. 4. Distribution of diabetic recipient deaths by cause, according 
to the time interval after transplantation. 


tioning, three months to ten years after transplantation. 
Figure 5 shows the cumulative graft survival rates for 
all recipients according to donor source. Diabetic re- 
cipients of grafts from any source show the greatest 
loss of function during the first year after transplan- 
tation. For the next two years, graft survival curves 
for diabetic and nondiabetic recipients are parallel, 
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TABLE 6. Cause of 115 Primary Renal Transplant Losses 
in 305 Diabetic Patients 





Per Cent 
No. of of Graft Inci- 
Cause Patients Loss dence 
Death* 33 46 17.4 
systemic sepsis 26 22 8.2 
vascular 22 19 7.2 
suicide 2 2 0.6 
hypoglycemia l i 0.3 
bowel obstruction I l 0.3 
unknown 1 I 0.3 
Rejection 50 43 16.4 
uncomplicated 38 33 12.4 
concomittant with sepsis 11 9 3.6 
patient stopped 
medication 1 l 0.3 
hyperacute 0 — — 
Technical 12 i 42 
renal artery thrombosis 2 2 0.7 
urological 3 4.5 1.6 
wound abscess 4 3.5 1.3 
late vascular H 1 0.3 


* All patients had functioning kidneys at the time of death. 


after which time the diabetic patient again has a slightly 
higher rate of loss. The majority of the late losses in 
the diabetics are a result of deaths from cardio- 
vascular disease, and not from functional deteriora- 
tion of the graft. Grafts from HLA-identical sibling 
donors have a significantly greater functional survival 
than kidneys from other related donors (p « 0.002) or 
from cadavers (p « 0.001). The difference in survival 
between kidneys from HLA-nonidentical related and 
from cadaver donors is also significant (p = 0.04). 
The differences in graft functional survival between 
diabetic and nondiabetic recipients at two years are 
shown in Table 4. At two years, graft survival is 8, 8, 
and 10% less for diabetic than for nondiabetic recipients 
of kidneys from HL A-identical sibling, HLA-noniden- 
tical related and cadaver donors, respectively. These 
differences are not statistically significant (p > 0.08). 
The differences in graft survival between diabetic 
and nondiabetic recipients is almost entirely ac- 
counted for by the higher death rate in the diabetic 
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population. Table 6 gives the cause of the 115 primary 
kidney losses after transplantation to the 305 diabetic 
recipients. The most common cause of graft loss was 
patient death. Fifty-three patients (17.4%) have died 
with functioning grafts, most often from systemic 
sepsis and cardiovascular disease. 

In the diabetic patients who are alive, renal allo- 
graft function is usually excellent (Table 7). The mean 
serum creatinine concentration of the 190 patients who 
currently have functioning grafts is 1.3 mg/dl (0.6— 
4.8 mg/dl); only 16 of these patients have a concen- 
tration =2 mg/dl. 


Effect of Kidney Loss on Patient Survival 


Diabetic patients do not tolerate the loss of the 
transplanted kidney well (Fig. 6). In the diabetic group 
the survival curves for both the patient and kidney are 
similar, but patient survival for nondiabetics is per- 
sistently >10% better than kidney survival beginning 
at six months after transplantation. These results (Fig. 
6) reflect two facts. First, death is a common cause of 
kidney loss in the diabetic patient, and second, when 
diabetic recipients lose renal allograft function, for 
whatever reasons, they die soon after their return to 
maintenance dialysis. Currently, 18 of our diabetic 
patients are being maintained on hemodialysis after 
loss of transplant function; only four of them for longer 
than nine months (maximum 2'5 years). 


Effect of Gender on Patient and Kidney Survival 


The overall results of transplantation in male and 
female diabetic recipients are approximately the same. 
At two years, 74% of all males and 73% of all 
females are alive. Graft functional survival at two 
years is 68% for all males and 67% for all females. 
There is an advantage, however, to being female and a 
recipient of an HLA identical sibling kidney. In this 
group, of 15 recipients, all are alive with functioning 
grafts (8 after two years, and 5 after =4 years). In 
contrast, the survival of male recipients of HLA 
identical sibling grafts is 87% at two and 74% at four 
years (23 after two years, and six after =4 years). 


TABLE 7. Renal Allograft Function in Diabetic Recipients with Functioning Transplant 
Three Months to Ten Years Posttransplant 








Mean No. Patients 
No. Creatinine with Creatinine 
Donor Source Patients mg/dl Range z2 mg/dl 
HL A-identical Sibling 47 1.3 0.6-4.8 3 
Related HLA-nonidentical 82 1.4 0.9-3.0 9 
Cadaver 61 1.2 0.8-2.8 4 
Total 190 1.3 0.6—4.8 16 
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Fic. 6. Patient and kidney 
functional survival in 305 
diabetic, A, and 462 non- 
diabetic, B, renal allograft 
recipients, all donor sources. 


Cumulative Percent 


There are no differences in patient and graft survival 
when the kidneys come from other sources. 


— Effect of Age on Patient and Kidney Survival 

The age of the diabetic recipient has a definite 
influence on both patient and graft survival after 
transplantation (Fig. 7). When patient survival is 
analyzed independently of donor source, recipients 
less than 30 years old have a significantly better 
survival than patients over 40 (22% difference at 
two years, p < 0.002). There is also a trend for 
patients less than 30 years old to survive longer than 


Fic. 7. Patient and kidney functional survival in 
diabetic, A and C, and nondiabetic, B and D, pri- 
mary renal allograft recipients according to age. 
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those between 30 and 40 (8% difference at 2 years, 
p = 0.082). Patients between 30 and 40 years of age 
also have a slightly greater survival rate than do pa- 
tients older than 40 (14% difference at two years, 
p = 0.058). Graft functional survival in diabetic re- 
cipients is also significantly better for kidneys placed 
in diabetic recipients who are less than 30 years old, 
than those placed in patients 30—40 years old (13% 
difference at two years, p < 0.03) and older than 40 
years of age (22% difference at two years, p < 0.004). 

In fact, the patient and graft survival rates are so 
good in diabetic recipients less than 30 years old, that 
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TABLE 8. Patient and Graft Functional Survival in 305 Diabetic and 
462 Nondiabetic Renal Allograft Recipients 
at Two Years According to Age 


Cumulative 
Per Cent Two Year 
Graft Survival 


Cumulative 
Per Cent Two Year 
Patient Survival 


Age Non- 


Non- 
in Years Diabetic diabetic Diabetic diabetic 
<30 82 85 77 2] 
30-40 74 91 64 80 
40 60 77 55 68 
Total Group 73 83 66 74 


the curves are superimposed on those of their age 
matched, nondiabetic counterparts (Table 8). For dia- 
betic patients, graft and patient survival rates decline 
when the recipient age is more than 30 years; for 
nondiabetic patients, graft and patient survival rates 
do not decline until the recipient is more than 40 
years old. Although there are no differences in patient 
and graft survival between diabetic and nondiabetic 
patients under 30 years of age, for older diabetic 
patients both patient and graft survival rates are 
significantly less than those of their age matched, non- 
diabetic counterparts (p « 0.04). 

For the diabetic patients, most of the differences 
between the various age categories are accounted 
for by the recipients of kidneys from cadavers or 
from HLA  nonidentical donors. Diabetic patients 
under 30 who réceive cadaver grafts have approxi- 
mately a 15% better survival rate than recipients 
over 30. For diabetics receiving HL A-nonidentical 
related kidneys, patient survival rates at two years for 
recipients under 30, 30—40 and over 40 years old are 
81. 72 and 57%, respectively. Diabetic recipients of 
HLA identical kidneys have approximately equal pa- 
tient and graft survival in all age categories. 


Effect of Earlv Transplantation on Patient and Graft 
Survival 


Sixty-six uremic diabetics underwent transplanta- 
tion before maintenance dialysis became necessary 
for them. The number of patients in the various 
subcategories of this group are small, and only trends 
can be noted when they are compared to uremic 
diabetics treated with dialysis before transplantation. 
No statistically significant differences were found 
when comparing both groups without regard to donor 
source. However, all 8 recipients (2 males, 6 fe- 
males) of HLA-identical sibling kidneys who had 
no previous period of dialysis, are alive with func- 
tioning grafts (6 of them >2 years). Sixteen pa- 
tients who were not hemodialyzed prior to receiving 
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HL A-nonidentical related kidneys have a two year pa- 
tient survival rate of 93% and graft survival rate of 
81% (eight patients, over 2 years). In contrast, the 
patient and graft survival rates at two years in re- 
cipients of HLA-nonidentical kidneys who were 
dialyzed before transplantation were 73% and 57%, 
respectively. 

The effect of dialysis or ‘‘no-dialysis’’ before 
transplantation is the opposite for recipients of cadaver 
grafts, but the number of patients who were never 
dialyzed is even smaller (n = 9). In this group, the 
two year patient and graft survival rates were 56 and 
38%. In the diabetic patient dialyzed before trans- 
plantation, the patient and graft survival rates at two 
years were 70% and 58%. The difference in trends 
between recipients of related and cadaver kidneys, in 
regard to pretransplant dialysis or no-dialysis, may re- 
flect the hardier nature of diabetic patients who must 
survive on dialysis while waiting for a cadaver kidney. 


Results of Second Transplants 


Twenty-one diabetic patients have received second 
transplants after loss of the primary graft; nine are 
alive over 6 months after the second transplant. 
Seven diabetic patients received consecutive grafts 
from cadaver donors; four of these patients are alive 
with functioning grafts 9-45 months later. One pa- 
tient received a second kidney from an HL A-non- 
identical related donor after the loss of the cadaver 
graft; this patient is alive with a functioning graft one 
year later. Eight patients received their first kidney 
from an HLA-nonidentical related donor and the 
second kidney from a cadaver; two of these patients 
are alive and one has good graft function 11 months 
after the second transplant, but the other rejected the 
graft at two months and has been on dialysis for the 
past six months. Five patients received consecutive 
grafts from HL A-nonidentical related donors. Two of 
these patients are currently alive, one with good 
graft function 2! years after the second transplant; 
the other survivor has been maintained on chronic 
hemodialysis for 21⁄2 years after rejection of the 
second graft within 15 days of transplantation. 


Technical Complications 


The total number and incidence of complications 
of the 305 primary renal transplant recipients are 
summarized in Table 9. A variety of infectious, 
urologic and vascular complications occurred with a 
low frequency. The incidence of technical complica- 
tions between 1976 and 1978 was much lower than 
before 1976. Wound infections and urologic com- 
plications, in particular, have been reduced. Only 
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TABLE 9. Technical Complications in 305 Primary Renal Transplant Procedures in Diabetic Patients (1968-1975 and 1976-1978) 


132 Patients 


'68—75 

Incidence 

Complication No (Per Cent) 
Primary Wound Infection 9 6.8 
Deep 3 2.3 
Superficial 6 4.5 
Urological 13 oF 
Ureteral Tip Necrosis or Pullout 2 1:5 
Total Ureteral Necrosis 3 2:4 
Bladder Leak 6 4.5 
Ureteral Stenosis 1 0.7 

Ureteral Pelvic Junction 

Obstruction l 0.7 
Vascular 6 4.5 
Renal Artery Thrombosis 2 1.5 
Renal Artery Stenosis 3 2.3 
External Iliac Artery Thrombosis i 0.7 
Lymphocoele 1l 0.7 


one complication——lymphocele formation—occurred 
at a higher rate after 1976. This probably reflects 
our increased ability to diagnose such collections. 
Three of the lymphoceles were seen on follow-up 
echograms and have regressed without operative inter- 
vention. The only lethal complication has been deep 
wound infection and all four patients in this category 
have died. Only two complications (wound infection 
and bladder leak) occurred with a higher frequency in 
the diabetic than in the nondiabetic population. Since 
1976, however, there has been no difference in the 
incidence of technical complications between the two 
groups. 


Vascular Disease 


Vascular disease in diabetic patients continues to 
progress after transplantation. Thirty-four myocardial 
infarcts have occurred in 31 diabetic patients (11%); 
18 of the infarcts were fatal (all more than 4 months 
after transplantation). The incidence of myocardial in- 
farcts in the nondiabetic patient is only 2%.'* Nine 
cerebrovascular accidents occurred in diabetic pa- 
tients, and four were fatal. 

Almost all patients have some evidence of peripheral 


vascular disease at the time of transplantation. One 


patient developed fingertip necrosis and another re- 
quired a below-the-knee amputation before transplan- 
tation. After transplantation, 45 diabetic patients have 
required amputations of one sort or another (Table 
10). Twenty-two patients have had multiple amputa- 
tions, including 11 bilateral below-the-knee amputa- 


173 Patients Total 305 Patients 


'76— 78 '68— 78 

Incidence Incidence 

No. (Per Cent) No (Per Cent) 
4 23 13 4.2 
I 0.6 4 1.3 
3 1.7 9 2.9 
6 3.6 19 63 
l 0.6 3 1.0 
0 0 3 1.0 
2 }.2 8 2.6 
2 1.2 3 1.0 
] 0.6 2 0.7 
3 1.8 3 3.0 
0 0 2 0.7 
2 1.2 5 1.6 
l 0.6 2 0.7 
10 5.8 1] 3.6 


tions. Thirty-three of the 45 patients are alive with 
functioning grafts, including nine of the patients with 
bilateral below-the-knee amputations. None of the non- 
diabetic renal allograft recipients have required 
amputation. 


Occurrence of Diabetic Nephropathy in the Trans- 
plant Kidney 


We have previously reported on the occurrence 
of arteriolar hyalinosis in 10 of 12 grafts, and the 
occurrence of tubular basement membrane immuno- 
fluorescent lesions in 12 of 12 grafts examined two or 
more years after transplantation.!*? The two patients 
without arterial lesions at that time, have now been 
followed for four years and repeat biopsies show 
arterial hyalinosis in these grafts as well. Thus 100% 
of the examined grafts in diabetic patients show 
histologic evidence of early diabetic microvascular 


TABLE 10. Peripheral Vascular Disease Requiring Amputations 
in 305 Diabetic Transplant Recipients 








Extremity | Number Incidence 
Leg 44 
Foot 3 
Toe 22 
Hand 2 
Finger 29 
Total Patients 45* 14.8 





* Twenty-two patients have had multiple amputations (including 
11 patients with bilateral BK amputations). 
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TABLE 11. Visual Stability One Year Posttransplant in Eyes of 
Diabetic Recipients According to Corrected Visual Acuity 
Prior to Renal Transplantation 





Per Cent 
Vision Number Im- De- 
Pretransplant of Eyes prove Stable crease 
Good (20/20-20/50) 111 — 92% 8% 
Impaired (20/70— 
20/200— CF)* 29 55% 155€ 319€ 
Poor (HM- LP)* 70 44% 33% 23% 


* CF = count fingers, HM = hand motion, LP = light perception. 


disease within four years. We have no evidence that 
these microscopic lesions have adversely influenced 
renal function or survival. 


Eye Status Before and After Transplantation 


One hundred seven diabetic patients (214 eyes) had 
adequate examination of their eyes before, and serially 
after, transplantation with a minimal follow-up of one 
year. Thirty-nine patients have been followed five or 
more years. On baseline examination, 48 eyes (22%) 
had nonproliferative diabetic retinopathy. Grades | and 
2 proliferative diabetic retinopathy were seen in 41 
eyes (19%), and grade 3 was seen in 24 eyes (58%). 
Only one eye was normal prior to transplantation. 
After transplantation only 12 eyes progressed from 
nonproliferative diabetic retinopathy to grades 1 or 2 
proliferative retinopathy and only | eye progressed 
from grade 2 to grade 3. Before transplantation 78 
eyes received focal or pan-retinal coagulation to 
stabilize eyesight, while after transplantation only 10 
eyes have received focal photocoagulation. 

After transplantation there has been no change in 
visual acuity of 132 eyes (61.6%). Thirty-seven eyes 
(17.4%) have actually shown improvement tn visual 
acuity. Vision in 29 eyes improved during the first 
year, and eight eyes during the second and third years 
posttransplant. Vitrectomy was responsible for im- 
provement in three eyes and a cataract was re- 
moved in one. Eighteen eyes, however, improved 
because of a spontaneous decrease in the degree of 
macular edema, and 15 eyes improved because of 
spontaneous absorption of vitreous hemorrhage. 
Forty-five eyes showed a decrease in visual acuity, 
12 during the first year, and 33, 2 to six years later. 
These decreases were the result of increased traction 
detachment in 19, glaucoma and rubeosis formation 
in three, vitreous hemorrhage in 12, cataracts in five, 
macular degeneration in three, macular ischemia in one 
and cytomegalic virus disease in two eyes. 

Before transplantation 111 eyes had good visual 
acuity (20/20 to 20/50); after transplantation the 
number remains the same. Before transplantation 29 
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eyes had impaired, but useful, vision (20/70 to 20/100), 
and there are 23 eyes in this category after trans- 
plantation. Before transplantation 70 eyes had severely 
impaired vision (20/200 or worse), while 62 eyes are in 
this category after transplantation. Four eyes were 
totally blind before transplantation, there are now 18 
eyes with no vision. The changes of vision in 
individual eyes after transplantation according to the 
various categories of visual acuity before transplan- 
tation are shown in Table 11. 

Although analysis of eyes alone is useful, it is 
more meaningful to evaluate the status of individual 
patients according to the visual acuity of their best 
eye. Before transplantation, 70 of 107 patients ex- 
amined and followed for one year had good (20/20 
to 20/50) vision in at least one eye. One to eight 
years after transplantation 73 of the 107 patients 
have good vision, in at least one eye. In patients 
with good vision in at least one eye before trans- . 
plantation, 94% of them still had good vision for at 
least one year after transplantation. Life-table analysis 
shows that 86% of patients with good vision before 
transplantation will still have good vision four years 
later (Table 12). 


Vocational Rehabilitation 


The present vocational status of 190 diabetic pa- 
tients with functioning grafts is given in Table 13. 
Virtually all of the 157 active survivors (83%) were 
inactive before transplantation. Of the 33 patients 
who are presently inactive, most have one or more 
severe disabilities. Fourteen of these patients are blind, 
six have bilateral below-the-knee amputations, and two 
have severe neuropathy. Five patients are disabled 
because of severe coronary arteriovascular disease 
and one is disabled because of psychological prob- 
lems. Useful vision is important for rehabilitation and 
that is one of the reasons that we advocate early 
transplantation. The difficulty in rehabilitating a dia- 
betic patient who must be dialyzed is reflected by the 
following fact; only eight of the 18 patients who are 


TABLE 12. Cumulative Visual Stability According to Best Eye ( 720/50 
Corrected Acuity) Analysis of Diabetic Renal Allograft 
Recipients after Transplantation 


Cumulative 
Years Per Cent 
Post- Patients Number with Good 
transplant at Risk Deteriorated* Vision 
0-1 70 4 94 
1-2 66 2 91 
2-3 44 2 86 
3-4 29 0 86 


* Deterioration defined as corrected vision worse than 20/50. 
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alive on dialysis after loss of graft function can be 
considered active. 


Discussion 


Uremic diabetic patients present a major therapeutic 
challenge. The experience at the University of Min- 
nesota, however, indicates that renal transplantation 
should be the treatment of choice. Although survival 
for diabetics receiving renal transplants is less than 
that for nondiabetics, it is clearly superior to the 
long-term results reported for maintenance hemo- 
dialysis.??:/929 Furthermore, uremia aggravates dia- 
betic retinopathy and there is a rapid deterioration 
of vision if dialysis or transplantation is delayed, or 
if the patient is maintained on dialysis more than 
several months.'? Loss of vision while on chronic 
hemodialysis seems to be the major obstacle to re- 
habilitation. It has been suggested that blindness is the 
most significant factor responsible for the high suicide 
rate in dialyzed, diabetic patients. *?*? 

We have tried to stabilize visual acuity in these 
patients by performing a transplant as soon as possible. 
After transplantation, 89% of 214 eyes followed for 
one year or longer have shown either no change in 
acuity or improvement. Improvement in 33 of these 
eyes may be directly related to transplantation — 
there was a spontaneous decrease in the degree of 
macular edema, or a spontaneous absorption of vitre- 
ous hemorrhage occurred with no further significant 
episodes of bleeding. Decreased visual acuity occurred 
in 21% of the examined eyes. A side effect of trans- 
plantation— cytomegalic virus infection— could be im- 
plicated as responsible for the decrease in only two 
eyes. The important point is that most patients with 
good vision before transplantation retained their vision 
afterwards; improvement can be expected in some of 
those with previous poor vision. 

Diabetic patients should not be excluded from trans- 
plantation because of anticipated problems with infec- 
tions or wound healing. Diabetic patients are not signif- 
icantly more prone to major complications than are 
nondiabetic transplant recipients. Furthermore, our 
incidence of technical complications in diabetic patients 
has decreased with our increased experience. On the 
other hand, progression of peripheral vascular disease 
continues after transplantation. Amputations of one 
sort or another have been required at some point after 
transplantation in 14.896 of our diabetic patients. Car- 
diovascular disease has been responsible for most of 
the deaths that occur more than three years after 
transplantation. 

Apart from these problems, the results of transplan- 
tation in diabetic patients are similar to nondiabetic 
patients. In fact, the differences in graft functional sur- 
vival are not significantly different between diabetic 
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TABLE 13. Current Vocational Status of 190 Diabetic Patients 
with Functioning Renal Grafts* 


3 Months to 10 Years 
Posttransplant 


Number Per Cent 
Active 157 82 
employed full-time 66 34 
employed part-time 4 2 
homemaker 44 23 
avocationally active 34 18 
student 9 5 
Inactive 33 18 
motivationally inactive 5 3 
disabled 28 15 


* Of I8 additional patients who lost graft function and are currently 
alive on dialysis 44% are active and 56% are inactive, 


and nondiabetic recipients for any of the three donor 
categories (HLA-identical siblings, other related, 
cadavers). Patient survival after transplantation is 
significantly different between diabetic and nondiabetic 
recipients only for patients who receive grafts from 
HLA nonidentical relatives. The results of transplanta- 
tion are particularly good for diabetic patients under 
30 years old, no matter what the donor source. An 
interesting aspect of our analysis of results according 
to age is the observation that a significant decrease 
in patient and graft survival does not begin until after 
40 years of age for nondiabetic recipients, while for 
diabetic patients, an age effect appears after the 30th 
year. The under 30-year-old diabetic patient definitely 
should not be considered a high risk for transplantation. 

Likewise, good HLA matching with a relative can 
overcome any tendency for diabetic patients to do less 
well after transplantation. Diabetic patients who re- 
ceive kidneys from HLA-identical siblings have nearly 
as good a survival as well-matched nondiabetic pa- 
tients, and we have not had a single death or kidney loss 
in a female recipient of an HLA identical kidney. 

If an HLA-identical sibling donor is not available, 
diabetic patients should receive a kidney from another 
relative or from a cadaver. Graft functional survival is 
significantly better if the kidney comes from an HLA- 
nonidentical relative rather than from a cadaver. We 
cannot demonstrate a difference in patient survival for 
recipients of kidneys in these two donor categories. 
Nevertheless, we believe that related kidneys should be 
used whenever possible because of the shortage of 
cadaver kidneys. If this policy is not followed, many 
patients will not be transplanted or will require main- 
tenance dialysis for a prolonged period, with further 
deterioration in vision and cardiovascular status. 

We also have not been able to distinguish a significant 
difference in patient survival for diabetic recipients of 
grafts from cadaver matched for less than one or greater 
than two HLA antigens, although graft survival is 
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slightly better in the latter category. However, the 
differences in graft survival between well matched and 
poorly matched kidneys are sufficiently large enough in 
the nondiabetic population,” that we will continue our 
policy of using well matched cadaver kidneys for both 
diabetic and nondiabetic patients. 

One of the most interesting aspects of our experience 
in diabetic patients has been the demonstration that 
microvascular and other lesions characteristic of dia- 
betes develop in the previously normal transplanted 
kidney.'*:!5 Although the occurrence of these lesions is 
of some concern, at this point the findings are his- 
tological only. Most patients had diabetes for approxi- 
mately 20 years before diabetic nephropathy reached 
the point where transplantation was necessary. If a 
similar interval is required before functional deteriora- 
tion from diabetic nephropathy occurs in the trans- 
planted kidney, the long-term results of transplantation 
will still have been satisfactory. 

The most encouraging aspect of our experience has 
been the degree of rehabilitation achieved. Eighty-three 
per cent of our diabetic patients with functioning renal 
grafts enjoy an active vocational status. This result 
must be contrasted with the high disability of diabetic 
patients on maintenance hemodialysis. Although we 
have cited blindness and loss of limbs as an impediment 
to rehabilitation, these problems are even more of a 
handicap if the patient must be dialyzed. Successful 
transplantation will rehabilitate even some of these 
patients. Of the 157 patients we consider actively 
rehabilitated, 31 of them have one or more of these 
problems. 

Although the problems faced by diabetic patients 
with end-stage renal failure are complex and numerous, 
these results reinforce our belief that transplantation is 
the treatment choice for uremic diabetics. Diabetic 
patients can be rehabilitated and can enjoy their ex- 
tended life after transplantation. 
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DISCUSSION 


DR. OSCAR SALVATIERRA, JR. (San Francisco, California): As we 
are all aware, the insulin-dependent juvenile diabetic with renal 
failure represents multiple organ system disease, as a result of both 
micro- and macroangiopathy. It has been primarily through Dr. 
Najarian's efforts since 1966 that we have been better able to under- 
stand more of the natural history of this disease and, in addition, 
his excellent results with renal transplantation have encouraged 
many centers like ours to pursue transplantation as a therapeutic 
modality for these patients. 

Our diabetic series is smaller than Dr. Najarian' s, and in relation 
to our total experience with more than 1300 renal transplants, it 
represents 85 transplants in insulin-dependent juvenile diabetics. The 
results with living related transplantation have been almost as good 
as with our nondiabetic group. while the results with cadaveric trans- 
plantation have been somewhat sobering, and worse than our non- 
diabetic population. 

More specifically, in our diabetic series, living related patient sur- 
vival at two years has been 949% and graft survival 75%. Patient 
survival at two years in recipients of cadaver grafts has been 74% 
and graft survival only 29%. 

A close examination of the deaths in our cadaver group under- 
scores the problem posed by cardiovascular disease. A full 45% 
of the deaths were caused by myocardial infarction. Only 18% of 
the deaths were caused by infection, and early withdrawal of im- 
munosuppressive therapy in some of our cadaver recipients may 
have in part accounted for the lower graft survival. None of our 
cadaver recipients underwent preliminary bilateral nephrectomy 
prior to transplantation, and it is our feeling that the transplant pro- 
cedure was the most that some of these diabetic patients could 
tolerate. 

We certainly agree with Dr. Najarian on the gratifying rehabilita- 
tion that can be obtained in diabetics with a functioning graft. What 
is particularly impressive, as Dr. Najarian described, is that only 
a successful transplant can abort the progressive, debilitating visual 
deterioration in this patient population. Hemodialysis itself causes 
loss of vision from progression of retinopathy and ocular hemor- 
rhage. The results from the close follow-up of visual acuity in our 
own series confirms the results reported by Dr. Najarian. Those 
results would certainly encourage earlier transplantation, before 
severe visual impairment or blindness occurs. 

Before closing, 1 would like to ask Dr. Najarian two questions. 
First, the blind diabetic seems to fare not too well in terms of re- 
habilitation. Is there a difference in patient and graft survival in this 
group, compared with the other patients in your series? 

Second, in that one-third of your patients described in your manu- 
script had preliminary bilateral nephrectomy prior to transplantation, 
did you detect a more favorable outcome in the nephrectomy group. 
in that these patients survived major operations and possibly tended 
to have transfusions prior to transplantation? 

I would again like to congratulate Dr. Najarian and express the 
appreciation of those managing diabetic patients with renal failure 
on his outstanding work with this difficult patient population. Perhaps 
I might be allowed to speculate that it might be Dr. Najarian and 
his group who will further expand the therapeutic horizons available 
to these patients by his ongoing research with pancreatic 
transplantation. 


Dr. ARNOLD G. DiETHELM (Birmingham, Alabama): Although a 
variety of points were reviewed in detail in the paper, there were 
several aspects that should be emphasized. 

The first point to emphasize is that Dr. Najarian's group early 
recognized the therapeutic potential of renal transplantation in pa- 
tients with juvenile onset diabetes and for the past ten years have 
carried out the thoughtful, prospective program that they have pre- 
sented to you today. One should recognize that when the study 
was initiated, many dialysis and transplant centers throughout this 
country were reluctant to accept a patient with diabetes for renal 
transplantation, largely because of the potential risks involved and 
the concern that the magnitude of the underlying illness was such 
that transplantation would only be a stopgap measure, providing 
little or no long-term therapeutic benefit. 
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Similar suggestions had been made in the past and directed towar 
the transplantation of patients with lupus erythematosus, and i 
some instances in the black patient with severe malignant hyper 
tension and arteriolonephrosclerosis. Neither of these latter tw 
concepts are correct today, and | believe Dr. Najarian's group ha 
clearly demonstrated that renal transplantation is effective in th 
patient with juvenile diabetes. 

The second point of interest is that, in spite of the reference 
in the literature, infection appeared to be no more frequent in th 
patients receiving kidneys for renal failure resulting from diabete 
than from other causes. The authors emphasized, and appropriate! 
so that early transplantation —in many instances, prior to hemo 
dialysis — was an extremely effective measure to manage the end 
stage renal disease. 

This approach has been particularly effective in our institution 
although we have had a small experience in our slightly less tha 
400 renal transplant operations, but certainly our experience is com 
patible with that presented by Dr. Najarian today. 

A third observation of great interest is that the visual status re 
mained the same or improved in 89% of the patients. This is - 
particularly crucial observation, as Dr. Najarian emphasized, inas 
much as patients with long-standing diabetes on dialysis have pro 
gressively deteriorating vision. 

A fourth point relates to the observation of microscopic evidenci 
of recurrence of the original diabetic nephropathy in all of the patient 
studied. It is important, however, that this be not misconstrues 
as evidence of poor graft prognosis. In fact, in spite of the micro 
scopic evidence of recurrent disease in the transplanted kidney 
the kidney function remained excellent. It appears that the long 
term outlook in these patients will certainly justify transplantatiot 
as the best means of treatment. 

l| emphasize this comment because all too often physicians have 
been critical of patients receiving transplants if there is evidence 
of recurrence of the original disease. Clearly, one must separate 
as the authors have done, the difference between microscopic evi 
dence of recurrent disease and the functional impairment of thi 
kidney caused by primary disease. 

I completely agree with the authors’ statements that patients wit! 
juvenile diabetes in end-stage renal disease should be treated bi 
renal transplantation, and the outcome of the successful operatior 
will probably not be much dissimilar from that of transplantatior 
for other diseases. 

My first question is: At what point of renal failure do the author: 
elect to intervene with renal transplantation in these patients? h 
would appear that early transplantation with little or no dialysis 
would be the procedure of choice. In regard to this question, woulc 
they intervene earlier if the patient had an HL A-identical dono 
than a one haplotype match, or would they proceed with trans- 
plantation at the same time in both patients? An equally important 
question is: Do they place diabetic patients waiting for a cadaver 
kidney on a high priority list, inasmuch as we all recognize that 
prolonged dialysis may be extremely deletrious to this recipient pa- 
tient poulation? 

The second question relates to whether or not the authors have 
had difficulties with posttransplantation bladder dysfunction second- 
ary to diabetic neuropathy and whether or not specific preoperative 
evaluation is necessary in this regard. 

The third and last question relates to those conditions which are 
contraindications to renal transplant in the diabetic patient. Dr. 
Najarian, do you accept all patients with chronic renal failure in 
this group, or do you exclude some? If so, what factors do you use 
to limit the diabetic recipient population? 


Dr. THOMAS E. Starzl (Denver, Colorado): The results of Dr. 
Najarian and his group with diabetics are almost, but not quite, 
as good as with nondiabetics, a tribute to the care given to these 
difficult patients. 

Fifteen to 20% of our patients with renal disease are diabetic. 
They are often hard to treat, and only those who have tried to 
treat them could appreciate how monumental this paper from Min- 
nesota really is. No one else, including us, has been able to do this 
well. I simply, thus, wanted to express, without any qualification, 
my admiration for what has been achieved here. 
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Still, what we have heard is an exposition not only of what can 
be achieved but also of what cannot be achieved using standard 
immunosuppression. In these difficult to treat patients the one-year 
mortality for the cadaveric recipients was 30%. 

We have heard today a paper from a master, but it is interesting 
to me to see somebody who is as successful as Dr. Najarian has 
been in this field be one who is most dissatisfied with the present 
state of the art of immunosuppression. I would like to point out 
that the Minnesota group is one of the few that is looking into other 
avenues to improve this field, and they are trying to do so with a 
technique called total lymphoid irradiation, which is a new and 
promising area which carried out lymphoid depletion in advance. 


DR. JOHN S. NAJARIAN (Closing discussion): I was interested in Dr. 
Salvatierra's comments with respect to their cadaveric experience; 
this harkens back to what Dr. Starzl said. If the case is extremely 
difficult, requiring a cadaver donor, there is nothing more difficult 
than a diabetic patient. Better immunosuppression than for normal 
recipients is required. Even though we use ALG routinely in all 
our patients, immunosuppression is still imperfect, despite our ex- 
cellent results. We are actively pursuing total lymphoid irradiation 
as a possibly better method of immunosuppression. 

Dr. Salvatierra's asked about rehabilitation of the blind patient. 
Approximately 35% of the patients that come to us initially are 
legally blind. The ones who are totally blind and diabetic who survive 
with renal failure do superbly well after transplantation. Any patient 
who is blind and manages his diabetes and the various problems 
that he has in determining his blood sugar and urine sugar levels 
and giving his insulin shots has demonstrated that his will to live 
is second to none. I enjoy taking care of these patients because, 
if given half a chance, they do so well. 

As a matter of fact, the second longest survivor in this series — it 
is now over ten years since her transplantation —is blind. She and 
her husband, who is also totally blind, have a perfectly normal child, 
born several years after the wife's kidney transplant. Rehabilitation 
can be achieved, and if anything, the blind patients do even better 
than their sighted counterparts. 

You asked about our policy on bilateral nephrectomy. As vou 
know, Dr. Salvatierra we used to do bilateral nephrectomies on 
all of our patients in preparation for transplantation. Dr. Kjellstrand 
in our group initially called our attention to the fact that our diabetic 
population was the worst one to undergo bilateral nephrectomies 
because this meant that they had to delay their operation and return 
to dialysis and the patients do not fare well on dialysis. 

We have, however, compared the group that had nephrectomies 
to those that did not have bilateral nephrectomy, and we saw little 
difference. We currently only remove kidneys from diabetics or 
other patients if we cannot manage their hypertension with good 
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dialysis, if they have concurrent infections or ureteral reflux, or have 
polycystic kidney disease. 

I enjoyed hearing Dr. Diethelm's comments and his questions 
which cover important issues. The first has to do with the point 
in renal faiure to consider transplantation. Over the past ten years 
we have found that most of the deterioration of eyesight occurs 
about one year before end stage kidney disease. The reason for 
this is that hypertension then becomes worse and 80 to 8562 of these 
patients become hypertensive. Thus, they have hypertensive reti- 
nopathy on top of uremic retinopathy, and both of these problems 
together with diabetic retinopathy lead to a rather rapid loss of vision 
in the year prior to renal failure. 

We find that, in general, when the serum creatinine levels of these 
patients reach about 5 mg/dl per cent, they are pretty close to six 
months to a year away from requiring transplantation or dialysis. 
At this level we consider transplantation if they still have useful 
vision. If their vision is already gone, we obviously wait until end- 
stage renal disease. 

If the patient does not have a living related donor, we put him 
or her high on our priority list for cadavers because these patients 
are such poor risks for dialysis. 

The next question had to do with bladder problems, which can 
become one of the most severe complications. We use a cystogram 
and cystometrogram to determine the function of the bladder and 
how well it can empty. To this date only one of 305 diabetic patients 
currently has an indwelling bladder catheter. The rest of the patients, 
with the use of Urecholine and bladder exercises, recover almost 
fuil function of their bladder once the uremia is gone. Similarly 
the gastrointestinal neuropathies also are remarkably improved after 
renal transplantation. 

Do you accept all patients, and what criteria do you use? Yes, 
we accept almost all patients. However, if they have severe multi- 
system disease and are totally blind, and have markedly severe heart 
disease, and have lost one or more extremities, then we must de- 
termine if there are too many strikes against them for a reasonable 
chance for transplantation. 

Finally, I appreciate the kind comments that Tom Starzl made. 
Yes, I do agree that current immunosuppression is not as ideal as 
we would like. We, therefore, have turned to total lymphoid irradia- 
tion (TLD, following the work that Dr. Shimon Slavin reported to 
the Transplantation Society meetings three years ago and again this 
past summer. We have found that TLI is an excellent method of 
immunosuppression in the laboratory, and may be an answer for 
some of those difficult cadaver transplants. We have begun a clinical 
series, using total lymphoid irradiation. We hope that this will be 
either an excellent substitute for, or addition to, current immuno- 
suppression and thus will allow us to use lower doses of steroids, 
or avoid steroids, with less complications in all of our patients. 
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Calcium gluconate (10 mg Ca**/kg) was administered intra- 
venously over a 2-hour period to 16 adult patients who 
were evaluated for hypoglycemia. In nine of ten patients 
with benign or malignant insulinomas (eight proven at opera- 


tion, and two with positive chemical tests and angiographic 
localization awaiting operation), significant hypoglycemia and 
hyperinsulinemia occurred within 60 to 90 minutes after the 


start of the calcium infusion. Serum proinsulin and C- 
peptide concentrations increased at the time of the calcium- 
induced hyperinsulinemia in several patients in whom these 
parameters were studied. The one individual who did not 
respond to the calcium infusion was found to have a benign 
insulinoma. His basal glucose/insulin ratio of 0.64 was the 
lowest of the insulinoma group and thus his failure to 
respond to calcium may indicate that his tumor was secreting 
maximally at the time of the infusion. Following successful 
removal of the insulinoma, calcium infusion did not result in 
changes in serum glucose or insulin concentrations (tested in 
five patients). In contrast, neither a patient with pathologi- 
cally documented islet cell hyperplasia, five others with reac- 
tive, functional or drug-induced hypoglycemia, nor four 
healthy volunteers showed any changes in circulating glu- 
cose or insulin levels while receiving calcium intravenously. 
Calcium infusion is a safe, rapid and effective provocative 
test for the diagnosis of insulin-secreting, islet cell tumors 
of the pancreas. 


HE DIFFERENTIATION of insulin-secreting tumors 
T of the pancreas from other hypoglycemic states 
is often difficult and time-consuming. As early as 
1935, Whipple and Frantz'* wrote, ‘‘. . . there are 
many causes for hypoglycemia which are not due to 
lesions of the pancreas . . . these conditions should 
be ruled out clinically before exploratory operation 
is justifiable.” 
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Calcium infusion has been utilized as an effective 
provocative test for the diagnosis of medullary car- 
cinomas of the thyroid,” gastrinomas!? and carcinoid 
tumors.’ In each instance, a peptide or amine— 
calcitonin, gastrin or serotonin—is discharged from 
the tumor into the circulation. We have previously 
reported that the administration of calcium resulted 
in an increased serum concentration of insulin and 
proinsulin in one patient with an insulin-secreting 
tumor.* The purpose of this study was to determine 
the efficacy of calcium infusion as an aid in the diag- 
nosis of hypoglycemic states with particular reference 
to insulinomas. 


Materials and Methods 


Sixteen adult patients with hypoglycemia who were 
admitted to the University of Chicago Hospitals or to 
the Michael Reese Hospital were studied. Each re- 
ceived a conventional series of diagnostic tests, 
including some or all of the following: a prolonged 
fast, an intravenous or oral glucose tolerance test and 
an intravenous tolbutamide test. Ten of these patients 
were found to have insulinomas (eight have been 
surgically removed, two await operation, but the pres- 
ence of the tumor has been demonstrated by angio- 
gram), one child had surgically proven islet cell 
hyperplasia, while five others were diagnosed as having 
reactive, functional or drug-induced hypoglycemia and 
were not operated upon. 

In addition to the studies listed above, these 16 
patients and four additional non-diabetic volunteers 
received an infusion of calcium gluconate, 10 mg Ca**/ 
kg in saline, over a two-hour period following a six- 
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to eight-hour fast. The calcium infusion was repeated 
postoperatively in five of the patients in whom 
insulinomas were surgically removed. 

Blood was drawn from a peripheral vein at regular 
intervals before and during the infusion. Plasma glu- 
cose was measured, within minutes, using a Beckman 
glucose analyzer and subsequently checked by an 
autoanalyzer technique? in the clinical laboratory. 
Serum calcium (atomic absorption spectrophotom- 
etry), and immunoreactive insulin? concentrations 
were also determined in each sample. In several 
selected individuals, serum proinsulin’ and immuno- 
reactive connecting peptide (C-peptide)® concentra- 
tions were determined. Proinsulin was separated from 
insulin by gel filtration and measured against a 
human proinsulin standard. Statistical analysis was 
determined using the Student’s t-test. 


Results 


As a group, the ten insulinoma patients responded 
dramatically to the infusion of calcium (Fig. 1, left). 
The basal glucose level prior to infusion was 68 
+ 7 mg/dl (mean + S.E.). Plasma glucose fell mark- 
edly within 60 minutes of the start of the infusion 
and symptoms of hypoglycemia developed in many 


75 
Plasma 
Glucose 50 


mg/dl 


Serum 75 
Insulin 
pU /ml 





Serum 
Calcium ''9 
mg/dl ioo 


90 


$ meon ¢ SE. 
* p<0.05 
* p<0.005 


120 


30 


60 
Time (minutes) 


Fic. 1. The effect of calcium infusion (5 mg Ca* "/kg/hr in saline 
operative studies in ten patients. Marked hypoglycemia and hyp 
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individuals. The lowest value of serum glucose, 
31 + 5 mg/dl (p < 0.005 compared to the basal level), 
occurred at 60 minutes after the start of the infusion. 
When patients became symptomatic, the calcium in- 
fusion was discontinued and intravenous glucose was 
administered with prompt reversal of all hypoglycemic 
effects. In these ten patients, serum insulin concen- 
trations increased as well. Mean basal serum insulin 
value was 38 + 8 microunits per milliliter (i, U/ml). 
The peak value of insulin, 87 + 28 uU/ml, occurred 
at 30 minutes after the start of the calcium infusion 
(p « 0.05). By 60 minutes, serum calcium concentra- 
tions had increased by more than 2 mg/dl (p « 0.005). 

The maximum changes in each individual of both 
circulating glucose and insulin concentrations (left) and 
of the glucose:insulin (G/I) ratio (right) during the 
calcium infusion is shown in Figure 2. Nine of ten 
individuals who were studied demonstrated a clear de- 
crease in plasma glucose and a rise in serum insulin 
levels as a result of the induced hypercalcemia. In 
addition, the glucose to insulin ratio decreased to less 
than 50% of the basal value in nine of ten patients. 
One individual, P.W., a 21-year-old man with a benign 
insulinoma, did not respond to the calcium infusion as 
did the others. Of interest is the fact that his basal 
values of glucose and insulin were 55 mg/d! and 94 
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) in patients with insulin-secreting tumors of the pancreas. Left —Pre- 
erinsulinemia followed the start of the infusion. Right — Postoperative 


studies after successful removal of benign or malignant insulinomas in five of these individuals. Note that no changes in circulating 
glucose and insulin levels occurred during this three-hour test period. 
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Fic. 2. Indiviaual responses of ten patients with insulinomas to cal- 
cium infusion. Eight tumors have been surgically removed, 
4 —— 9. in two other patients © —— ©, insulinomas have 


“been diagnosed by provocative tests and arteriographically 
— jocalized but they await operation. Left —Maximum changes in 


plasma glucose and serum insulin concentrations during the calcium 
infusion. Right — Maximum changes in glucose: insulin ratio during 
induced hypercalcemia. 


uU/ml, respectively. Thus, his basal glucose:insulin 
ratio was only 0.64 at the start of the infusion, the 
lowest of any of the insulinoma group. His G/I ratio 
decreased to 0.52 at two hours and 0.45 at three hours, 
a maximum decrease of only 30%. We consider this 
response to be a negative result, perhaps due to the 
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Fic. 3. In patient A.C., who was later proved to have a well- 
differentiated islet cell carcinoma, serum proinsulin levels, which 
were elevated in the basal state, increased approximately three- 
fold at the time of maximum hyperinsulinemia induced bv cal- 
cium. The hatched area represents the normal fasting value of 
circulating proinsulin (mean + S.D.) as determined in 46 normogly- 
cemic individuals. The calcium infusion was stopped after 105 min- 
utes (*) because of the development of hypoglycemic symptoms. 
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Fic. 4. In patient L.C., from whom a benign insulinoma was later 
removed, calcium infusion resulted in a five-fold increase in circulat- 
ing C-peptide levels at the time of maximal hyperinsulinemia. The 
infusion was stopped (*) because he developed hypoglycemic 
symptoms. 


fact that the tumor was secreting maximally at the 
time of the start of the calcium infusion. 

In two individuals, A.C. and L.C., serum proinsulin 
and C-peptide levels were measured as well. Calcium 
infusion resulted not only in hyperinsulinemia, but 
also in a rise in these parameters (Figs. 3 and 4). 

The calcium infusion was repeated in five of the 
insulinoma patients six months to two years after 
successful removal of their tumors (Fig. 1, right). 
Each individual was normoglycemic, had a normal 
basal insulin concentration and manifested no evidence 
of recurrence of tumor at the time of testing. In 
marked contrast to their preoperative studies, no signif- 
icant changes in plasma glucose or serum insulin levels, 
and no untoward symptoms occurred during the cal- 
cium administration. 

One child with surgically proven islet-cell hyper- 
plasia manifested no significant changes in either 
plasma or serum insulin values while receiving the 
calcium infusion (Fig. 5). 
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Fic. 5. In patient C.Z., a 7-year-old boy with surgically proved 
islet cell hyperplasia, calcium infusion resulted in no hypoglycemia 
or hyperinsulinemia. 
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Finally, five individuals with a diagnosis of either 
reactive, functional or drug-induced hypoglycemia 
(Fig. 6, left) and four normoglycemic volunteers 
(Fig. 6, right) received a calcium infusion. None 
experienced symptoms of hypoglycemia and circulat- 
ing glucose and insulin concentrations did not change 
significantly from baseline values. 


Discussion 


The differentiation of insulin-secreting tumors from 
other causes of hypoglycemia may sometimes be dif- 
ficult and require time-consuming tests. À simple test 
which could facilitate the diagnosis of islet-cell tumors 
would be beneficial. We have found calcium infusion 
to be useful in this regard. It is simple, rapid and 
safe when conducted in a setting in which plasma 
glucose values can be rapidly monitored. We perform 
this infusion in our Clinical Research Center with a 
physician in attendance. Plasma glucose concentra- 
tions were measured within several minutes of ob- 
taining a blood sample using a Beckman glucose 
analyzer. Hypoglycemic symptoms induced by the 
caleium were rapidly reversed with intravenous glu- 
cose and no other untoward symptoms related to the 
mild hypercalcemia have been noted. 
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Fic. 6. In five individuals with reactive, functional or drug-induced hypoglycemia (left) and in four other normoglycemic volunteers (right), 
calcium infusion resulted in no significant changes in plasma glucose or serum insulin concentrations. 
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TABLE 1. Comparison of Results of Prolonged Fasting and Calcium Infusion Tests in Ten Patients with Insulinomas 


NENNEN NENNEN UNE EE up UN E MM E CCC It aa f 


Plasma Glucose 
(mg/dl) 


Fasting Test 


Initial values* 73.5 + 7.5 

Final values? 28.1 2.2.9 
Calcium Infusion Test 

Initial values* T2 £5.7 

Final values? 28.7 € 5.2 


* Following a six—eight hour fasting period. Each value represents 
the mean + S.E. of ten patients. 

+ The tests were terminated when symptoms of hypoglycemia 
occurred. 


Since our original report of one patient in whom 
calcium infusion was useful in diagnosing an insulin- 
secreting tumor,* we and others" have continued to 
study the efficacy of this test. Our results demonstrate 
that in nine of ten patients with insulinomas (five 
benign, three malignant, two awaiting operation), 
marked hypoglycemia and hyperinsulinemia occurred 
within 60—90 minutes of initiating the infusion. Cal- 
cium infusion also induces a release of proinsulin and 
C-peptide from insulin-secreting tumors. Neither pa- 
tients with reactive or drug-induced hypoglycemia, 
normal non-diabetic volunteers, nor one child with 
islet-cell hyperplasia developed hypoglycemia or an 
elevated serum insulin concentration during or after 
calcium infusion. However, this test gave a negative 
result in one patient with a benign insulinoma, per- 
haps due to the fact that his tumor was secreting 
maximally before the calcium was administered. 

Our original report has recently been confirmed by 
Roy et al.’ In each of four patients with either 
benign or malignant insulinomas whom they studied, 
calcium infusion resulted in marked hypoglycemia 
and hyperinsulinemia. Furthermore, they demon- 
strated that these effects could be partially blocked 
by epinephrine" and completely blocked by an in- 
fusion of diazoxide.? Both of these agents are known 
to inhibit insulin secretion from f-cells. Of particular 
interest in this regard is the fact that in in vitro stud- 
ies diazoxide inhibition of insulin secretion from rat 
islet cells is associated with a net efflux of calcium 
into the incubation medium.” 

Thus, the cumulative data of Roy et al.” and our 
present studies demonstrate no false positive tests 
and only one false negative study in 14 consecutive 
insulinoma patients who were studied by calcium 
infusion. We have found this test to be of diagnostic 
value in several patients in whom other studies 
involving the stimulation of insulin secretion were 
equivocal. Furthermore, thus far, all patients with 


Serum insulin 
(uy U/ml) 


e MÀ À 


G/1 Ratio Duration of Test 





+ 7.4 3,4 +08 

+ 6.3 14+ 0.3 19.7 + 3.4 hours 
39.4 + 8&5 3.0 + 0.7 

+ 21.15 0.5 + 0.5$ 90 + J1.8 minutes 


i p < 0.05, when compared to values of serum insulin levels at the 
end of the fasting test. 

§ p < 0.005, when compared to values of G/1 ratio after prolonged 
fasting. 


functional or reactive hypoglycemia proven by other 
diagnostic studies have had negative calcium in- 
fusion tests. A negative test also occurred in the 
one child with islet cell hyperplasia. Clearly more 
children with proven islet cell hyperplasia or nesidio- 
blastosis should be evaluated before the value of this 
test in differentiating these conditions from insulinomas 
is known. 

Finally, when the results obtained with preopera- 
tive calcium infusion in 10 patients with insulinomas 
were compared with those obtained following pro- 
longed fasting (Table 1), one can see that plasma 
glucose values were comparable at the end of both 
tests. However, serum insulin levels were statistically 
higher and G/I ratios were statistically lower at the 
end of the calcium infusion test. The duration of 
fasting until symptoms occurred was 11.5 to 48 hours 
(19.7 + 3.4, mean + S.E.), while the calcium infusion 
test took two hours or less. Prolonged fasting is still 
the standard to which all other tests for insulinomas 
should be compared; however, the calcium infusion 
test is less time consuming and has a very high de- 
gree of accuracy. 

On the basis of these studies, we now consider 
the calcium infusion test to be an important proce- 
dure in the preoperative selection of hypoglycemic 
patients for operation. 


Acknowledgments 


The authors wish to thank Ms. Nan McCleary. Ms. Judy Swan- 
son, Ms. M. Mako, and Mrs. Roberta Lagocki for their fine 
technical assistance and Mrs. Joey Czerwonka for the typing of 
this manuscript. 


References 


1. Creutzfeldt, W., Arnold, R., Creutzfeldt, C., et al.: Bio- 
chemical and Morphological Investigations of 30 Human 
Insulinomas. Correlation Between the Tumour Content of 
Insulin and Proinsulin-like Components and the Histological 
and Ultrastructural Appearance. Diabetologia, 9:217, 1973. 


506 


2, Deftos, L. J.: Radioimmunoassay for Calcitonin in Medullary 
Thyroid Carcinoma. J.A.M.A., 227:403, 1974. 

3. Fajans, S. S., Floyd, J. C. and Knopf, R. F.: Benzo- 
thiadiazine Suppression of Insulin Release from Normal and 
Abnormal Islet Tissue in Man. J. Clin. invest, 45: 
481, 1966. 

4. Gaeke, R. F.. Kaplan, E. L., Rubenstein, A. H. et al: 
Insulin and Proinsulin Release during Calcium Infusion in a 
Patient with Islet-Cell Tumor. Metab.. 24:1029. 1975. 

5. Hill, J. B. and Kessler, G.: An Automated Determination 
of Glucose Utilizing a Glucose Oxidaseperoxidase System. 
J. Lab. Clin. Med., 57:970, 1961. 

6. Horwitz, D. L., Starr, J. L and Mako, M. E. et al: Pro- 
insulin, Insulin and C-Peptide Concentrations in. Human 
Portal and Peripheral Biood. J. Clin. Invest, 55:1278, 
1975, 

7, Kaplan, E. L.. Jaffe, B. M., and Peskin, G. W.: A New 
Provocative Test for the Diagnosis of the Carcinoid Syn- 
drome. Am. J. Surg., 123:173, 1972. 

8. Malaisse, W. J., Pipeleers, D. G. and Mahy, M.: The 
Stimulus Secretion Coupling of Glucose Induced Insulin 
Release. XII: Effect of Diazoxide and Gliclazide upon 


DISCUSSION 


Dr. Don R. MILLER (Irvine, California}: The intrigues of diag- 
nosis and treatment of insulinoma continue to challenge the sur- 
geon. This is another interesting and apparently highly accurate 
method of preoperative diagnosis. 

I would like to digress to the operative diagnosis of insulinoma. 
The preoperative localization of small and multiple tumors has been 
greatly aided by the arteriographic demonstration of a blush, 
or subselective venous, sampling but even with these sophisticated 
methods the surgeon may be misled as to the correct operation to 
execute at the operating table. This is particularly true of occult and 
multiple lesions. 

(slide) The use of the artificial pancreas, appropriately called 
the beta cell, provides computerized constant digital readout of 
blood sugar (slide). (This patient had 37 mg/dl at the start of the 
operation.) and provides a constant selected blood sugar level by 
surveillance and appropriate, selective glucose or insulin administra- 
tion. This is another elegant and expensive tool to assist the 
surgeon in the operating room. 

In collaboration with Drs. Tanner and Valenta in a recent in- 
stance in a young woman with Whipple's triad who had been 
treated ineffectively for 15 years for epilepsy (slide), this pre- 
operative venous-phase arteriogram showed a blush in the midbody 
of the pancreas, and also a small, circumscribed opacity perhaps 
an accessory spleen, localized outside of the pancreas. 

(slide) Only a 1.5 cm mass in the extreme tail of the gland, 
not in either anticipated location, was found at operation and was 
removed. Even prior to receiving the frozen section pathologic 
report confirming this to be an insulinoma (slide), the beta cell had 
shown a tenfold reduction in glucose requirement, and a noticeable 
progressive rise in the blood sugar level from 80 mg/dl, which was 
the programmed level, to 96 mg/dl. This rise is shown here. It 
assured removal of the source of excessive insulin had been 
accomplished and probably prevented a more radical removal of 
pancreatic tissue that would have been done if we had relied only 
on the arteriogram. 

The postoperative glucose tolerance tests and glucose deter- 
minations in the short postoperative phase have been within the 
normal range. 

This is an expensive tool for internists, but its cost-effective- 
ness is improved by this surgical application. 


Dr. Donap S. GANN (Baltimore, Maryland): 1 believe that 
the calcium infusion offers a dramatic improvement in our diagnostic 
capabilities, one that offers particularly a kind of safety that has 
been difficult to achieve in this group of patients. 
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I think all of us who have attempted to work with this class of 
patient have experienced the patient who has a seizure in the 
middle of the night with inadequate observation. The use the calcium 
infusion prevents that occurrence by letting the patient become 
hypoglycemic rapidly at a time when observation is maximal, rather 
than when it is going to be minimal. Thus, it offers a real improve- 
ment in patient safety. 

| think it also offers a major improvement in speed of diag- 
nosis, since the monitoring of glucose clearly gives the person con- 
ducting the test the answer well before the endocrine laboratory 
can provide the hormonal confirmation. 

I would like to ask two questions, though. First, 1 wonder if Dr. 
Kaplan can explain why calcium infusion does not evoke release of 
insulin in patients with hyperplasia of the beta cells. One would 
think that there would be adequate storage of insulin in such 
patients, even though it is more diffusely located in the gland. 

Second, | wonder whether in a laboratory which can measure 
the C-peptide it is necessary to use a calcium infusion test, or 
whether simple measurement of the C-peptide in the resting state 
might be sufficient to make the diagnosis. 


Dg, SaAMUEL A. WELLS (Durham, North Carolina: My com- 
ments are related primarily to the method of infusing calcium. 

We have had experience with a similar type of tumor, that is, 
medullary thyroid carcinoma (MTC). Embryologically, the MTC 
cells, like the islet ceils, are derived from the neural crest. The 
MTC cells secrete calcitonin, which serves as a plasma marker for 
this tumor. Early in the study of patients having MTC, it was 
found that a calcium infusion (15 mg/kg/4 hr) caused an increased 
secretion of calcitonin, thus allowing the diagnosis of MTC to be 
established, even though it was not apparent clinically. It was soon 
appreciated that a shorter calcium infusion (2 mg/kg/! min) produced 
a greater rise in calcitonin level more quickly in patients with 
MTC than did the four hour calcium infusion. 

Dr. Kaplan's first plasma sample was at 15 minutes. I wondered 
if he has used the shorter calcium infusion test and if he has ever 
sampled at an earlier period after the calcium infusion. The short- 
term calcium infusion test would probably be safer and cause a 
higher peak level of insulin than would the long-term infusion. 


Dr. James C. THOMPSON (Galveston, Texas): The mechanism 
for release of an active agent by calcium has been studied by 
several people, and Gardner has shown that in pancreatic exocrine 
cells it is probably caused by activation of cyclic GMP as a separate 
messenger. 

The calcium test for gastrin release from Zollinger-Ellison tumors 
and for release of calcitonin from MTC tumors depends upon 
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accentuation of the normal response, but with insulin, as you have 
shown us, it seems to be a no- yes test. In other words, calcium 
does not seem to release insulin from the normal beta cells but does 
release it from neoplastic cells. That suggests that tumor beta cells 
have a different release mechanism, and I wonder if you have 
thought about that and if you could comment upon it. 








DR. WILLIAM SILEN (Boston, Massachusetts): Would Dr. Kaplan 
speculate about the mechanism by which the insulin is released from 
the tumor? Could it be, for example, that you are seeing an insulino- 
trophic effect of some of the gastrointestinal hormones that 
might be released by calcium? 


Dr. EDWIN L. KAPLAN (Closing discussion): Dr. Miller alluded to 
one of the very difficult problems. Insulinomas are frequently very 
small, and they may be difficult to find at the time of operation. In an 
excellent review from the Mayo Clinic it was shown that preoperative 
angiography is now 90% accurate in localizing the site of an 
insulinoma. The use of magnification and subtraction techniques has 
added to the effectiveness of this procedure. We also rely heavily on 
preoperative angiography and find this technique to be very helpful. 

Dr. Miller also mentioned the artificial beta cell. We have used this 
instrument effectively while removing four insulinomas. We have 
also studied a number of normal and diabetic patients and have found 
this to be a useful tool in the operating room. By a computerized 
^ system, one can either keep the serum glucose level constant and 

monitor glucose and insulin infusion rates or one can let the glucose 

level change. One obtains a serum glucose value every minute with a 

two minute delay, so the changes can be monitored very quickly. 

One must be aware, however, as Dr. Harrison has pointed out, that 
serum glucose monitoring during operation can sometimes be mis- 
leading, especially when multiple tumors are present. The removal of 
one tumor may lead to a false elevation of the blood glucose level 
during operation and later hypoglycemia may appear again. How- 
ever, all in all it is an excellent tool. 

I thank Dr. Gann for his comments. We think that calcium infusion 
is safe, and it is certainly rapid, as we utilize it in our clinical research 
unit. In answer to his question concerning insulin release in islet-cell 
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hyperplasia by calcium, we have studied only one person with hyper- 
plasia. We have not had the opportunity to study infants with 
nesidioblastosis either. We do not know how good this test is in 
separating these conditions from insulinomas. We can only say that 
thus far, however, in adult patients with insulinomas, it has been 
very useful. 

Is measurement of C-peptide in the resting state sufficient? We 
have studied several individuals with borderline basal C-peptide and 
proinsulin concentrations, in whom other provocative tests were 
nondiagnostic, but whose calcium infusion responses were diagnostic 
of an insulinoma. Our endocrinologists are now very enthusiastic 
about the use of this test. Every test should be compared to à 
prolonged fast, which still must be regarded as the diagnostic 
standard for insulinomas. Perhaps in the future, calcium infusion 
will replace the other provocative tests. As Dr. Thompson suggested, 
it seems to give an "all-or-none'' response, which is very helpful in 
separating normal patients from others with insulinomas. In normal 
persons calcium infusion resulted in no changes in serum glucose and 
insulin values and it is only in patients with insulinoma that we have 
seen these changes. 

I do not know the mechanism by which calcium releases the insulin 
from tumors. Malaisse and his group have shown clearly that calcium 
is extremely important in normal insulin secretion. Calcium moves 
into the islet cell when glucose stimulates the release of insulin. 
Thus, calcium entry into the islet cells is necessary for normal 
insulin secretion. Why we get abnormal insulin release with hyper- 
calcemia in insulinomas is unclear. We think that the calcium releases 
granules from within the tumor in an abnormal way. However, this 
has never been completely clarified. 

Dr. Silen's point is interesting. Is there an intermediate humoral 
factor which is released which then causes the insulin to be 
released? We have not studied this fully. However, we know that 
glucagon is not released inappropriately in these individuals, for 
example. 

Finally, in response to Dr. Wells’ questions, we have not used 
calcium along with another agent to see if the response can be 
enhanced. In several patients we have measured insulin values within 
several minutes of starting the calcium and have not detected 
early release of this peptide. These are interesting ideas for the future. 


Delayed Hypocalcemia After Thyroidectomy for Graves’ 
Disease is Prevented by Parathyroid Autotransplantation 


DONALD S. GANN, M.D., JOSEPH F. PAONE, M.D. 


Late hypocalcemia appears associated with thyroidectomy for 
Graves’ disease more frequently than with thyroidectomy for 
other conditions. Of 62 total thyroidectomies done by a single 
surgeon, 28 were done for carcinoma, 18 for benign disease 
(primarily nontoxic nodules with a history of radiation therapy 
to the head and neck (RT)) and 16 for Graves’ disease. Mean 
calcium concentrations measured two months or more after 
surgery were 9.38 + 0.07 (SEM) mg/*t for patients with cancer, 
8.79 + 0.31 mg/dl for patients with Graves’ disease and 9.38 
+ 0.08 mg/di for patients with other benign diseases. No patient 
without Graves’ disease developed late hypocalcemia. In con- 
trast, six of 16 patients with Graves' developed significant 
late hypocalcemia requiring calcium therapy. The incidence 
of hypocalcemia after total thyroidectomy for Graves’ disease 
was significantly greater than that seen in other conditions 
(p < 0.01). Since no parathyroids were removed in the patients 
with Graves’ disease, and since branches of the inferior thyroid 
artery were invariably ligated distal to the parathyroids, we 
hypothesized that the late hypocalcemia might be associated 
with a peculiarity in scar formation in the presence of this 
autoimmune disease. Accordingly, parathyroid autotransplan- 
tation was performed synchronously as a prophylactic measure 
in nine subsequent patients undergoing total thyroidectomy 
for Graves’ disease; no instance of late hypocalcemia has oc- 
curred in this group. The decreased incidence of late hypo- 
calcemia is highly significant (p < 0.01). Although the precise 
etiology of late hypocalcemia after thyroidectomy for Graves’ 
disease remains undetermined, this experience indicates that 
synchronous parathyroid autotransplantation is beneficial in 
preventing this complication. 


OMPLETE, PERMANENT hypoparathyroidism follow- 
C ing thyroidectomy has become a rare event, !^:5:16.18 
However, hypocalcemia of varying degree does oc- 
cur frequently after thyroidectomy, and remains a 
significant problem facing thyroid surgeons.'?^* Several 
patterns of hypocalcemia following thyroidectomy have 
been characterized. Hypocalcemia has been found to 
develop immediately and transiently after surgery, as 
a latent occurrance during periods of stress, or as a 
delayed event months or even years after thyroidec- 
tomy.?!'!5 The specific physiologic mechanisms by 
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which these patterns develop have important therapeu- 
tic significance and have been the object of recent 
investigations. ??! 

The development of delayed hypocalcemia in six 
patients undergoing total thyroidectomy for Graves' 
disease prompted us to study the incidence and pat- 
terns of hypocalcemia following total thyroidectomy 
for various conditions. Subsequent to this, parathyroid 
autotransplantation was employed in nine patients 
during total thyroidectomy for Graves' disease as 
a prophylactic measure to prevent hypocalcemic 
complications. 


Patients and Methods 


During a period between 1973 and 1978, 62 patients 
were studied, who underwent total thyroidectomy by 
a single surgeon at the Johns Hopkins Hospital. Serum 
calcium levels were measured immediately before and 
after surgery in these patients and sequentially at ap- 
propriate intervals until discharge. Thereafter, calcium 
levels were obtained at monthly intervals on an out- 
patient basis. Serum calcium determinations were per- 
formed on the SMA-12 autoanalyzer or on an atomic 
absorption spectrophotometer. Normal levels in our 
laboratory by both techniques are 9-11 mg/dl. 

For this study patients undergoing total thyroidec- 
tomy were divided into four groups for comparative 
analysis, based on the indication for surgery. Twenty- 
eight were done for thyroid carcinoma (Group J), 18 
for benign disease (primarily nontoxic nodules with 
a history of radiation therapy (RT) to the head or neck) 
(Group ID, 16 for Graves’ disease (Group III), and 
nine for Graves' disease in which parathyroid auto- 
transplantation was synchronously performed (Group 
IV). During this period total thyroidectomy was recom- 
mended for patients with Graves' disease with signif- 
icant exophthalmos.' The rationale was elimination of 
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Fic. 1. Operative field seen at completion of left total thyroid lobec- 
tomy. Branches of the inferior artery have been ligated distal to 
the branches to the parathyroid glands, preserving their blood supply. 


the source of antigen leading to the production of human 
thyroid stimulating immunoglobulin. The results did 
not suggest that total thyroidectomy led to decreased 
exophthalmos, and the indication has been relaxed. 
During the same period a larger group of patients under- 
went subtotal thyroidectomy for Graves' disease with- 
out significant exophthalmos. Some of these patients 
also developed hypocalcemia. However, patients with 
subtotal thyroidectomy have been excluded from this 
study in order to minimize variations in surgical tech- 
nique. In cases in whom symptomatic hypocalcemia 
developed postoperatively, the patients were promptly 
treated with oral calcium (calcium chloride 40% solu- 
tion, 10 ml, three times a day) until the medication 
could be withdrawn safely. In all cases replacement 
thyroid hormone medication was begun orally prior to 
discharge. 

The surgical technique for total thyroidectomy em- 
ployed in these patients is a modification of the classical 
total thyroidectomy and has been described previously. 
In all cases both recurrent laryngeal nerves and all 
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parathyroid glands together with their blood supply 
were identified and preserved. Branches of this inferior 
thyroid artery were ligated distal to the parathyroids. 
A typical thyroid bed seen after unilateral dissection 
is shown in Figure 1. Parathyroid autotransplantation 
was performed using the technique described by 
Wells.'*?* The parathyroid glands were removed from 
their normal position in the neck, minced to 0.5 mm 
fragments and immediately inserted in a pocket made 
in the sternocleidomastoid muscle. 

The data were analyzed by the chi-square test. Yates’ 
correction was used to compensate for small samples. 


Results 


The results of sequential calcium determinations ob- 
tained in these patients are presented in Table 1, ex- 
pressed as the mean serum calcium levels + SEM. 
Transient hypocalcemia, defined as symptomatic hypo- 
calcemia developing within 24 hours of surgery that 
returned to normal with little or no treatment, was 
found to have occurred in all four groups. The levels 
measured 24 hours after surgery was lowest in the group 
undergoing thyroidectomy for Graves' disease without 
parathyroid autotransplantation (Fig. 2). Two patients 
in this group were given intravenous calcium for brief 
periods of frank tetany with carpopedal spasm. All 
but one patient had normal calcium at discharge. 

No cases of permanent hypocalcemia occurred in 
this series. Transient hypocalcemia occurred in all 
groups with an overall incidence of 29.6%. (Table 2). 
In five of the sixteen patients in Group III, who under- 
went total thyroidectomy without parathyroid auto- 
transplantation for Graves' disease, hypocalcemia de- 
veloped two months or more following surgery. The 
sixth patient showed continuous hypocalcemia from 
24 hours after surgery. The incidence of delayed hypo- 
calcemia following surgery for this disease was 37.5% 
and was significantly greater than that seen in the other 
conditions (p « .001). All six patients with delayed 
hypocalcemia were symptomatic and required oral 
calcium for varying periods of time, but recovered 
subsequently. The observation that delayed hypocal- 
cemia occurred only in patients with Graves' disease 


TABLE 1. Sequential Calcium Determinations in Patients Undergoing Total Thyroidectomy 





Mean Calcium Levels 





Group Indication for Surgery No. Preop 24 hrs Postop 7 Days Postop 2 mos Postop 
I Carcinoma 28 9.51 + .07 8.20 + .19 9.13 + .08 9.38 + .07 
H Nontoxic nodule (previous RT) i8 9.35 + .12 8.44 + .20 9.17 + .07 9.38 + .08 
Hl Hyperthyroidism 16 9.50 + .08 7.65 + .32 9.29 + .13 8.77 + .29 
IV Hyperthyroidism (with 

parathyroid autotransplantation) 9 9.24 + .18 8.19 + .43 8.68 + .50 9.30 + .18 


a an lh i a a a eS el et eis hs ete le a ee te ee a A 
All calcium levels are mg/dl +SEM. 
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led us to consider possible explanations. As noted 
above there were no obvious differences in technique. 
Further, there were no parathyroids in the surgical 
specimens. We then considered the possibility that some 
peculiarity in formation possibly related to the auto- 
immune nature of Graves' disease might lead to com- 
promise of circulation to the parathyroids. Accordingly, 
nine subsequent patients (Group IV), underwent total 
thyroidectomy with synchronous parathyroid auto- 
transplantation for Graves’ disease. No patient in this 
group developed delayed hypocalcemia (Fig. 3 and 
Tables 1 and 2). The difference between Group III and 
IV is highly significant (p « 0.001). 


TABLE 2. Incidence of Hypocalcemic Patterns Observed in Patients 
Undergoing Total Thyroidectomy 


Indication Per- 
for Surgery manent Transient Delayed 
Carcinoma 0 7/28 (25%) 0 
Nontoxic nodule 
(previous RT) 0 6/18 (33%) 0 
Hyperthyroidism 0 7/61 (43.8%) — 6/16 (37.59)* 
Hyperthyroidism 
(with parathyroid 
autotransplantation) 0 3/9 (33.3%) 90 
Total series Q 21/71 (29.6%) 6/71 (8.5%) 


* Significant: p < .001. 


Discussion 


Several distinct patterns of postoperative hypocal- 
cemia have been recognized following thyroidectomy. 
Permanent hypocalcemia may develop within a few 
days of surgery, presumably as a result of the inad- 
vertant removal or irreversible damage of parathyroid 
gland tissue during surgery. This is fortunately a rare 
event with most recent series reporting an incidence 
of permanent hypoparathyroidism form 0- 1.452.?:5 

Transient episodes of hypocalcemia that require little 
or no treatment have been recognized to occur fre- 
quently after thyroidectomy. Such occurrances were 
traditionally assumed to be due to reversible parathy- 
roid damage and ischemia incurred during surgery 5:9?! 
Michie, et al. proposed, however, that postopera- 
tive falls in calcium could not be explained solely on 
the basis of parathyroid damage, and implicated bone 
absorption in patients with thyrotoxic osteodystrophy 
as the primary source of transient drops in serum cal- 
cium levels following thyroidectomy.'!??! Subsequent 
studies have documented transient hypocalcemic epi- 
sodes in patients undergoing thyroidectomy for non- 
thyrotoxic disease and have suggested a possible role 
for thyrocalcitonin in the etiology of this syndrome.” 

In the present study, transient hypocalcemia oc- 
curred in all the groups of patients studied following 
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thyroidectomy with an overall incidence of 28.2% in 
the series. The calcium levels were the lowest in the 
thyrotoxic group, suggesting that an additional source 
of calcium loss exists in these patients. Our data are 
consistent with the hypothesis that patients with 
Graves' disease may be at an increased risk for the 
development of severe symptomatic transient hypo- 
calcemia following thyroidectomy. Our results cannot, 
of course, distinguish between calcium absorption by 
osteodystrophic bone or transient rises in thyrocalcito- 
nin following surgery as etiologic factors. 

The occurrence of a latent, insidious form of post- 
operative hypocalcemia was first emphasized by Four- 
man. Patients with this syndrome have calcium levels 
in the low normal range, but develop hypocalcemia 
in response to an EDTA infusion stress test.?*!? Other 
investigators have documented the appearance of 
delayed hypocalcemia months and even years after 
thyroidectomy.?'? In the present series, the incidence 
of delayed hypocalcemia following total thyroidectomy 
was surprisingly high and was significantly more fre- 
quent following surgery for thyrotoxicosis. The precise 
pathophysiologic mechanism for this phenomenon is 


- unknown. As noted above, in the absence of an alterna- 
tive hypothesis we considered the possibility of com- 
^. promise in blood supply to the parathyroids resulting 


from an abnormality in scar formation. This considera- 
tion led us to perform parathyroid autotransplantation 
as a measure that might reduce the incidence of late 
hypocalcemia in patients undergoing total thyroidec- 
tomy for Graves' disease. Although the results are con- 
sistent with our hypothesis, they in no way obviate 
other possible explanations. At this time, the explana- 
tion for the increased incidence of delayed hypocal- 
cemia in patients with Graves' disease remains obscure. 

Recent research in the field of parathyroid trans- 
plantation has demonstrated that parathyroid autografts 
function adequately both in animals and in human pa- 
tients.'??" Wells, et al. have advocated routine para- 
thyroid autotransplantation in patients with severe 
secondary hyperparathyroidism, primary generalized 
parathyroid hyperplasia and in cases in which glands 
are inadvertantly removed during surgery.2° Our data 
indicate that this technique is also effective in reducing 
the incidence of delayed hypocalcemia after total thy- 
roidectomy for Graves’ disease. 


References 


l. Barnes, H. V. and Gann, D. S.: Choosing Thyroidectomy in 
Hyperthyroidism. Surg. Clin. North Ám., 54:289, 1974. 

2. Bartels, E. C.: Hyperthyroidism— E valuation of Treatment with 
Antithyroid Drugs Followed by Subtotal Thyroidectomy. 
Ann. Int. Med., 37:1123, 1932. 


512 


3. Beahrs, O. H. and Sakulsky, S. B.: Surgical Thyroidectomy 
in the Management of Exophthalmic Goiter. Arch. Surg., 96: 
512, 1968. 

4. Black, B. M.: Surgery for Graves' disease. Mayo Clin. Proc., 
47:966, 1972. 

5. Blanchard, B. M.: Focal Hypocalcemic Seizures 33 Years after 
Thyroidectomy. Arch. Int. Med., 110:382, 1962. 

6. Block, M. A., Miller, J. M. and Horn, R. C.: Minimizing Hypo- 
parathyroidism After Extended Thyroid Operations. Surg. 
Gynecolo. Obstet., 123:501, 1966. 

7. Buckwalter, J. A., Soper, R. T., Davies, J. et al.: Postoperative 
Hypoparathyroidism. Surg. Gynecol. Obstet., 101:657, 1955. 

8. Davis, R. H., Smith, J. W. G. and Fourman, R.: Prevalence 
of Parathyroid Insufficiency After Thyroidectomy. Lancet. 
2:1432, 1961. 

9. Fourman, P.: Parathyroid Function After Thyroidectomy for 
Thyrotoxicosis. Jn Irvine, W. J., (ed) Thvrotoxicosis. Balti- 
more, Williams and Wilkins, Co. 1967. 

10. Fourman, P., Davis, R. H., Jones, K. H., et al.: Parathyroid 
insufficiency After Thyroidectomy — Review of 46 Patients 
with a Study of the Effects of Hypocalcemia on the Electro- 
encephalogram. Br. J. Surg., 224:608, 1963. 

11. Jones, J. H. and Fourman, P.: Prevalence of Parathyroid In- 
sufficiency After Thyroidectomy. Lancet, 2:121, 1963. 

12. Michie, W., Stowers, J. M., Duncan, T., et al.: Mechanism 


DISCUSSION 


DR. James D. Harpy (Jackson, Mississippi): I want to make a few 
comments about the early development of hypocalcemia following 
thyroidectomy for Graves' disease. 

This problem has interested me for 30 years, and I will tell you 
why. In 1948, as a resident on Dr. Julian Johnson's service at the 
University of Pennsylvania, I performed a subtotal thyroidectomy 
on a young woman who had had severe hyperthyroidism, a large 
gland, and whose disease had not responded to several doses of 
radioiodine. Hypocalcemia developed postoperatively. 

I had visualized at least one parathyroid gland at operation, and 
none could be found on the specimen by the pathologist. I felt certain 
that | had not removed all the parathyroids and wondered if the 
radiation from "I might not have affected the parathyroid glands. 
Fortunately, after two or three weeks the calcium therapy in this 
patient was discontinued without problem, but I never forgot 
the case. 

In 1969, almost 20 years later, I performed a subtotal thyroidec- 
tomy in a 24-year-old man who had had a large, diffuse, toxic goiter 
with severe hyperthyroidism, which had responded only slowly to 
heavy propylthiouracil therapy. I had visualized two parathyroid 
glands at operation. 

Postoperatively, hypocalcemia developed. One gland was found in 
thymic tissue excised with the surgical specimen, but the cause of 
the hypocalcemia was again mystifying. We discussed the pos- 
sibilities, and began a series of investigations directed mainly toward 
possible interference with the blood supply to the parathyroid glands. 

(slide) We promptly came upon some beautiful work on the anat- 
omy of the blood supply to the parathyroid glands published by 
Halsted and Evans in 1907. 

(slide) As we know, the principal arterial supply was found to be 
derived from the inferior thyroid arteries, but with considerable 
variations. 

In brief, we found that ligation of the superior and inferior thyroid 
arteries had no detectable effect on the serum calcium level in 
these dogs. 

(slide) Meanwhile, during the course of these studies we happened 
to have a patient who had four parathyroid glands in the neck, 
proved by biopsy, and a fifth adenomatous gland in the mediastinum 
at the level of the eighth rib posteriorly. This is probably the only 
time that most members of this audience have seen a mediastinal 
parathyroid tumor on plain roentgenogram of the chest. This huge 
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adenoma weighed 31,000 mg, or 31 g. The normal parathyroid gland 
weighs only 30 to 40 mg. 

(slide) This tumor was supplied entirely by a single branch arising 
from the innominate artery, and by a single large vein. We aspirated 
100 ml of blood from this vein and infused the plasma (slide) into 
one of our thyroparathyroidectomized dogs. You will see that it 
showed remarkable parathyroid activity in prompting the excretion 
of phosphorus in the urine. 

(slide) Two years later we came upon this article in The Lancet 
on the mechanism of hypocalcemia after thyrotoxicosis. The authors 
pointed out that, actually, hypocalcemia is not all that rare following 
thyroidectomy for thyrotoxicosis. Conversely, it is of course well 
known that about a third of the patients with substantial hyper- 
thyroidism will exhibit an elevation of the alkaline phosphatase 
level, and this level may not return to normal for more than a year 
after operation or other effective treatment. 

Postoperative hypocalcemia may be caused by avidity of de- 
mineralized bones for calcium, even when parathyroid function is 
normal as reflected in serum parathormone levels. To complicate 
the picture further, however, at times parathyroid function is 
diminished in the hyperthyroid patient, a type of inverse functional 
relationship. 

So, 30 years after the case in 1948, we now know that hypo- 
calcemia following thyroidectomy need not be caused by excision 
of the parathyroid glands, or even by serious interference with their 
blood supply. Pasteur advised that the investigator treasure his ex- 
ceptions. The present essayists, confronted with a problem that has 
been more stared at than investigated, have moved into the breach 
and given us a clearer vision of a shore still dimly seen. 


Dr. SAMUEL A. WELLS (Durham, North Carolina): 1 have no 
experience with the utility of total thyroidectomy in patients with 
Graves' disease. We have routinely used subtotal procedures, leaving 
a few grams where the recurrent nerve and superior parathyroid 
are situated. If one is careful, the development of hypoparathyroidism 
postoperatively in these patients is unusual. 

In patients who require total thyroidectomy for papillary or fol- 
licular carcinoma of the thyroid, one occasionally cannot be sure 
that viable parathyroid tissue is preserved. In such patients, we 
autograft any resected normal parathyroid tissue into the sterno- 
cleidomastoid muscle. We do not advocate the routine use of auto- 
transplantation in all patients with carcinoma of the thyroid who 
have total thyroidectomies. I think the technique should be used 
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when there is any question of parathyroid viability. One group of 
patients who are particularly difficult to manage is patients with 
multiple endocrine neoplasia type II. These patients have medullary 
thyroid carcinoma and commonly also have parathyroid hyperplasia 
and pheochromocytomas. 

(slide) We have had experience with a large group of such patients. 
When parathyroid hyperplasia is found in association with medullary 
carcinoma of the thyroid, we perform a total thyroidectomy and 
a total parathyroidectomy with autotransplantation of parathyroid 
tissue into the forearm muscle. This slide shows the first patient 
in whom we performed parathyroid autotransplantation five years 
ago. She had an adrenalectomy for pheochromocytoma. One week 
later, she underwent a total thyroidectomy and a total parathyroidec- 
tomy with autotransplantation of parathyroid tissue to the forearm 
muscle. There was an associated drop in the calcium level after 
the parathyroidectomy, and after a brief period of vitamin D and 
calcium replacement therapy, these medications were discontinued. 
Since parathyroid autotransplantation the patient has maintained a 
high concentration of PTH in the antecubital vein of the grafted 
compared with the nongrafted arm. 

If one uses parathyroid autotransplantation wisely, the incidence 
of hypoparathyroidism can be markedly reduced in patients who 
undergo thyroidectomy for carcinoma. 


Dr. OLivER H. Beanurs (Rochester, Minnesota): This an interest- 
ing subject to me because of my past interest and present interest in 
thyroidectomy and the treatment of thyroid diseases. 

Hypocalcemia developed immediately in 90 of 574 consecutive 
patients who had undergone subtotal thyroidectomy. This undoubt- 
edly was secondary to the trauma in the course of the operative 
procedure. However, in these particular patients normocalcemia re- 
turned during the initial postoperative period. This would lead me to 
feel that, undoubtedly, delayed hypocalcemia following thyroidec- 
tomy is secondary to the trauma to parathyroid tissue which did not 
occur in the course of the thyroidectomy. 

It is well established, certainly, that autotransplantation will be- 
come effective and is satisfactory in the treatment of hypocalcemia 
which occurs after thyroidectomy. I would urge that, rather than 
accept the fact that delayed hypocalcemia is to occur, or even 
hypocalcemia immediately following thyroidectomy, in a significant 
number of patients, it is important to us as surgeons to prevent this 
from occurring rather than relying on autotransplantation as a 


^ procedure that will prevent the hypocalcemia. Most likely, it can be 


prevented by improving our initial surgical technique in the course of 
carrying out thyroidectomy. 

In dealing with Graves' disease itself, in our experience the in- 
cidence of permanent tetany is only 0.3%. So, in turn, by using good 
surgical technique, protecting parathyroid tissue in the course of the 
surgical procedure, probably autotransplantation is not necessary 
except in those instances in which, obviously, parathyroid tissue has 
been removed in the course of resection. 


DR. BRowN M. Dosyns (Cleveland, Ohio): Graves’ disease is a 
weird disease. One of the peculiar features of the disease is de- 
mineralization of the skeleton, particularly in females when the 
hyperthyroidism develops at about the time of the menopause. An 
elevation in the serum calcium level sometimes leads to the belief 
that the patient has a parathyroid tumor, especially if the Graves' 
disease is the apathetic type. When such a patient is operated on, 
if that is the treatment that is selected, the serum calcium level 
will fall significantly. This is not because of any damage to the 
parathyroids. 

Since many of these patients with Graves' disease, especially the 
females, are really quite demineralized, it is reasonable to speculate 
that when the hyperthyroidism is modified by thyroidectomy, the 
"hungry bone phenomenon" that we see in patients after removal 


of a parathyroid tumor will ensue. 


Recovery from the "hungry bone phenomenon” is a slow process. 


-. The amount of calcium required to remineralize the skeleton after 
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removal of a parathyroid tumor is enormous. Under these circum- 
stances in Graves' disease, it seems perfectly reasonable that the 
reason that we see a fall in serum calcium and delay in return to 
normal, provided there is no damage to the parathyroids during 
thyroidectomy, as remineralization takes place, might be the con- 
tinuing demand of the bones over a long period. 

Do you perform parathyroid hormone assays on the patients 
observed? 


Dr. DONALD S. GANN (Closing discussion): Dr. Hardy called 
attention to the studies of Michie et al., who really defined for us 
as carefully as any group the phenomenon of hungry bone syndrome. 
This appears to be at least in part responsible for the acute, but 
apparently transient, hypocalcemia following thyroidectomy for 
Graves' disease. Michie and his colleagues subsequently indicated 
that, at least in some patients with Graves' disease, there might 
also be accentuation of the hypocalcemia associated with a release 
of thyrocalcitonin during manipulation of the thyroid gland during 
the operation. This was reported in The Lancet in 1977. 

We have been unable to find elevations of calcitonin levels in 
our own patients, and we have searched for it in cannulated thyroid 
veins at the time of thyroidectomy, but we have too small a series 
to say that it cannot play a role. 

I would like to address Dr. Dobyns’ question while | am on the 
subject of hungry bones because it seems to me that, if it is the 
uptake of calcium into the skeleton that is responsible for the hypo- 
calcemia, there should not be a period of normocalcemia, which 
we regularly observe at a week or two weeks postoperatively but, 
rather, a progressive, or at least maintained, hypocalcemia. There- 
fore I doubt if the uptake of calcium into the skeleton can account 
for the development of the late disease. 

We have measured parathyroid hormone in several patients. It 
is regularly at the upper limit of normal in patients in whom this 
develops—these are levels measured in the range of 300 pg/ml, 
but in patients who have significant hypocalcemia this is an in- 
ordinately low parathyroid hormone level for them to exhibit at 
the time when their calcium levels are below normal. 

Dr. Wells indicated that the incidence of hypocalcemia should. 
be low after, for example, subtotal thyroidectomy for Graves' dis- 
ease. I believe that that is true not only in subtotal, but after total, 
thyroidectomy if one looks at the time following operation during 
which we normally follow the patient, namely, a period of up to 
a month postoperatively. After this time, it has been our practice 
to return the patients to their internists. 

These are not patients in whom tetany develops. These are pa- 
tients who have vague complaints; by and large some of them have 
paresthesias but most have depression or irritability. Unless someone 
studies their calcium at this two to six month interval, the period 
of real hypocalcemia may well be missed. Thus, | wonder if we 
really can talk about the relative incidence. In our own series we 
have noted this same phenomenon in a number of patients who 
have had subtotal thyroidectomy but did not include them in this 
study because of the variation in surgical technique. 

Dr. Beahrs, I am intrigued by the development of transient hypo- 
calcemia following surgical treatment of the thyroid. I think it 
occurs as you indicated, associated with the operative trauma, but 
not necessarily in association with the trauma to the parathyroid 
glands. Dr. John Eager Howard assures me that there is a report 
in the literature as far back as 1926 indicating that the blood calcium 
falls after all surgical trauma. 

We studied a small series of patients who had undergone chole- 
cystectomy and found that at 12~24 hours after the cholecystectomy 
the serum calcium level is regularly in the 8 to 8.4 range but then 
returns to normal promptly. It is simply that we do not tend to 
follow serum calcium levels after ordinary trauma. 

Dr. Donald Trunkey has noted severe hypocalcemia in patients 
after major trauma and has called attention to this over the past 
several years. I believe that there is a completely unexplained phe- 
nomenon in which calcium moves into the muscles after trauma, 
which deserves our attention, but thus far has not commanded it. 


Prophylactic Revascularization of the Gut 


JOHN E. CONNOLLY, M.D., JACK H. M. KWAAN, M.D. 


Reconstitution of the mesenteric vascular circulation, in our 
experience, is advisable when advanced occlusive disease is 
noted on the preoperative arteriogram of patients selected for 
aortoiliofemoral, renal artery, or aortic aneurysm surgery. A 
lateral aortogram is mandatory, and the presence of an 
anastomotic meandering mesenteric artery on frontal arterio- 
gram is especially valuable in signaling significant disease. This 
is the first report of prophylactic concomitant revascularization 
of compromised mesenteric vessels during aortic reconstructive 
procedures on selected patients. It is our opinion that such 
an approach can be a significant deterrent to subsequent cata- 
strophic bowel infarction from mesenteric arterial occlusive 
disease. 


WENTY YEARS HAVE PASSED since the first success- 

ful operation for cure of intestinal angina." During 

the subsequent two decades we have developed a strong 
interest in the recognition and surgical treatment of 
intestinal ischemia. Although vascular insufficiency to 
the gut may be due to a variety of processes arising 
in the arterial or venous circulation of the bowel, it is 
most commonly due to atherosclerotic occlusive dis- 
ease of the large arteries. Because the symptoms may 
be nonspecific, and because this condition is often 
not considered in the differential diagnosis of abdominal 
pain, the patient is uncommonly treated for this entity 
until extensive gangrene of the bowel has occurred. 
Such patients then are either inoperable or require 
major bowel resection with a mortality exceeding 85%. 
Contrary to widespread belief, intestinal ischemia 
due to mesenteric arterial disease is not uncommon 
since at least 2000 patients die of massive gangrene 
of the gut annually in this country.? In our own group 
of hospitals we encounter six or more patients a year 
with fatal massive gangrene of the gut resulting from 
arteriosclerotic mesenteric occlusive disease. We also 
believe that the natural history of mesenteric vascular 
insufficiency, especially in its chronic form, does not 
predicate as hopeless an outcome as current mortality 
statistics suggest. A review of our cases and those 
of others shows that such patients more often than not 
have prodromal symptoms that should lead to the 
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correct diagnosis and permit prophylactic surgical re- 
construction before the onset of gangrene.* 

In 1962 we? first noted on routine aortography a 
markedly enlarged central anastomotic artery which 
was thought to be a congenital anomaly at that time 
(Fig. 1). However, on reviewing the lateral projection 
of the same aortogram (Fig. 2), severe stenotic disease 
of the origins of the celiac and superior mesenteric 
arteries was also noted. It is of interest that this patient 
did not have symptoms of intestinal ischemia but those 
of calf claudication. We subsequently realized than an 
enlarged central anastomotic artery or meandering 
mesenteric artery is pathognomonic of celiac and 
superior mesenteric artery occlusive disease. If this 
collateral vessel is able to hypertrophy and enlarge 
as much as noted in Figures 1 and 2, the patient may 
not experience intestinal ischemia. However, this 
balance can be tipped to ischemia and gangrene if the 
stenoses progress, if the central anastomotic artery is 
thrombosed or divided, or if there is diversion of blood 
away from the mesenteric system by low cardiac out- 
put, hypovolemic shock, or by bypass into previously 
obstructed peripheral vessels. 

We subsequently recognized the existence of another 
form of enlarged central anastomotic artery namely 
that seen in patients with complete occlusion of the 
infrarenal aorta. In these patients there maybe no ob- 
structive disease of the celiac or superior mesenteric 
arteries with flow through the anastomotic artery from 
above downward through the superior mesenteric 
artery to connect with the hypogastric vessels. This 
is opposite to the reversed blood flow through an en- 
larged inferior mesenteric artery upward via the left 
colic artery to supply the gut in patients with stenotic 
or occluded celiac and superior mesenteric vessels. 

In these patients with the Leriche syndrome with 
a central anastomotic artery supplying blood flow to 
the lower extremities, we noted that exercise of the 
lower extremities could elicit symptoms of intestinal 


0003-4932/79/ 1000/0514 $00.95 © J. B. Lippincott Company 


514 








Vol. 190 e No. 4 


angina. Figure 3 is an aortogram obtained in 1967 show- 
ing a complete obstruction of the abdominal aorta at 
the renal arteries in a 69-year-old man with claudication 
of the lower extremities. Note the large central anasto- 
motic artery. Exercise of his lower extremities after 
eating caused classical intestinal angina. Aortoiliac 
endarterectomy was carried out with relief of both his 
claudication and intestinal angina. 

Two somewhat similar cases of Leriche syndrome 
with related claudication and intestinal ischemia were 
subsequently reported in 19745 and 1975.' One patient 
had no symptoms of intestinal angina during eating 
while in the supine position; however, abdominal colic 
developed when eating was combined with walking. 
The other patient had increased claudication and isch- 
emic pain in his toes after eating. Both patients were 
cured of their symptoms by aortobifemoral grafting. 
In patients with infrarenal aortic occlusion, it would 
appear that an increased drop in pressure across the 
collateral circulation after exercise occurs resulting in 
even larger proportions of blood passing to the lower 
extremities and away from the gut via the enlarged 
superior mesenteric artery. This pressure differential 
allows retrograde flow from a higher pressure vascular 
bed to a lower pressure vascular bed which is distal 
to the obstructing lesion.' A well known example of 
such a phenomenon is seen with subclavian stenosis 





Fic. 1. Large central anastomotic artery with flow from inferior 
mesenteric artery upward to supply gut normally nourished by celiac 
and superior mesenteric arteries. 
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Fic. 2. Lateral aortogram of same patient as Figure | showing 
severe stenotic atherosclerotic lesions of proximal celiac and superior 
mesenteric arteries. 


resulting in a reversal of flow in the vertebral artery 
commonly known as the subclavian steal."? 

Once the diagnosis of intestinal angina is made the 
situation is similar to preinfarction cardiac angina and 
should prompt early vascular reconstructive surgery. 
The following case illustrates the need for urgent opera- 
tion after diagnosis. 


Case Reports 


Case 1. A 59-year-old man presented on January 9, 1976 with a 
six month history of progressive dull cramping periumbilical pain 
which usually began one hour after meals and lasted three to four 
hours. He had lost 40 pounds in the last year. A thorough gastro- 
intestinal workup had been made over a period of two months during 
which time the patient lost another 10 pounds. A clinical diagnosis 
of intestinal ischemia was entertained when the pain became more 
severe and a selective mesenteric arteriogram was performed which 
demonstrated occlusion of the superior mesenteric artery and steno- 
sis of the celiac artery. After recognizing the severity of the arterial 
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Fic. 3. Aortogram showing complete occlusion of the infrarenal 
aorta with an enlarged superior mesenteric and central anastomotic 
artery carrying blood to the extremities. 


lesion on the arteriogram, the patient was immediately taken to 
the operating room on January 14, 1976 where 21 cm of dark ischemic 
ileum was found (Fig. 4). A saphenous vein graft was placed from 
the left common iliac artery to the superior mesenteric artery with 
complete reversal of the severe ischemic changes in the ileum (Fig. 5). 


Comment 


If this patient had not been operated on immediately, 
it is quite likely that extensive gangrene of the small 
and large bowel would have ensued followed by death. 
This case also demonstrates the reversibility of pre- 
gangrenous bowel by early mesenteric revascularization. 

In 1965 we’ described a new clinical entity in which 
bowel ischemia and gangrene followed arterial recon- 





Fic. 4. Pregangrenous portion of ileum seen at exploration. 
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FiG. 5. Reversal of ischemic changes in ileum noted 20 minutes 
after an iliac - superior mesenteric artery-vein graft had been inserted. 


struction for aortoiliac occlusive disease in patients 
with asymptomatic concomitant severe occlusive dis- 
ease of the celiac and superior mesenteric arteries. We 
termed this entity the aortoiliac steal syndrome. A more 
descriptive term perhaps would have been the mesen- 
teric arterial steal. Four subsequent papers appeared 
in the literature detailing identical patients who devel- 
oped fatal postoperative bowel gangrene in exactly the 
same manner following aortoiliac reconstructive pro- 
cedures.?5:?4 We have now documented two addi- 
tional patients in whom massive gangrene of the gut 
occurred in the early postoperative period after aorto- 
bifemoral reconstructive procedures.? Each patient had 
arteriographic evidence of severe occlusive or stenotic 
disease of the celiac and superior mesenteric arteries 
with an enlarged central anastomotic artery visible in 
the frontal aortogram (Figs. 6 and 7). In our description 
of the first case we postulated that shunting of blood 
into previously blocked leg vessels steals blood from 
the mesenteric circulation in a borrowing- lending 
fashion and can be critical to the viability of the bowel 
in patients who have severely compromised mesenteric 
vessels. Studies in the dog showed that there was a 
reciprocal relationship between flow to the mesenteric 
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and the lower extremity arteries. Although some criti- 
cized our postulate, Marston’® states that even the 
doubters about steal agree that diversion of blood to 
the extremities can cause bowel ischemia if the heart 
cannot compensate by increasing its output, particularly 
if the superior mesenteric artery is compromised. 

The seven documented patients with massive gan- 
grene of the gut coming on in the early postoperative 
period after aortoiliofemoral bypass might have sur- 
vived if the severe nature of their mesenteric occlusive 
disease had been recognized and concomitant revascu- 
larization of the gut had been carried out at the first 
operation. Likewise, a higher degree of suspicion as 
to the cause of the postoperative abdominal pain might 
have still permitted immediate gut revascularization 
even in those patients who did not have concomitant 
operations. 

In other patients with severe asymptomatic arterio- 


¿œ sclerotic mesenteric disease who undergo aorto- 


- iliofemoral reconstruction procedures, intestinal isch- 
emia and gangrene may not occur until months to years 
later. The following case illustrates this problem. 





Fic. 6. Aortogram of patient with occlusive disease of left iliac 
arteries. Note the enlarged central anastomotic artery. 
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Fic. 7. Lateral aortogram of 
patient in Figure 6 showing 
complete occlusion of celiac 
artery and severe stenosis 
of superior mesenteric artery. 





Case 2. A 55-year-old man, underwent an aortobifemoral grafting 
procedure for bilateral leg claudication in January 1967. The patient 
did well until November 1967 when he developed abdominal pain 
following eating. The patient did not seek medical help until January 
1968 at which time intestinal ischemia was suspected and a selective 
mesenteric angiogram demonstrated stenosis of the celiac axis and 
complete obstruction of the superior mesenteric artery. The patient 
was taken to surgery immediately after the angiogram with findings of 
inoperable massive gangrene to the gut. A comparison of the 
angiograms of 1967 and 1968 demonstrated severe occlusive disease 
ofthe celiac and superior mesenteric arteries in 1967 with progression 
to complete occlusion of the celiac artery in 1968. 


Comment 


We again concluded from such cases of late devel- 
opment of bowel ischemia that there might be a place 
for prophylactic revascularization of the mesenteric 
arterial tree at the same time as the aortofemoral re- 
constructive surgery in certain patients who appeared 
to be at high risk for subsequent gangrene of the gut. 


Case 3. A 61-year-old man was admitted May 2, 1971 for severe 
claudication and rest pain in both legs. An abdominal aortogram 
on May 5, 1971 revealed high grade stenosis of the origins of the 
celiac and superior mesenteric arteries along with stenotic and ob- 
structive disease of the aortoiliofemoral tree. On May 12, 1971 an 
aortobifemoral Dacron* graft was placed. The patient's claudication 
was markedly improved and he was asymptomatic until November 
1971 when he developed frequent abdominal pain one half to one 
hour after eating. The pain was described as burning or fullness 
associated with nausea and occasional vomiting. The patient had 
also lost 15 pounds and had had diarrhea for six months. A selective 
mesenteric aortogram on November 6, 1971 showed high grade ob- 
struction of the celiac and superior mesenteric arteries. This was 
followed by an iliac to superior mesenteric artery saphenous vein 
bypass graft which has completely relieved the intestinal ischemic 
symptoms to date (Fig. 8). 
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Fic. 8. Note left iliac. to 
superior mesenteric artery 
vein bypass in case 3 with 
aortobifemoral prosthetic 
graft. 





Comment 


Although this patient survived long enough to have 
mesenteric revascularization, it is our feeling that we 
should have performed the superior mesenteric revas- 
cularization at the time of the original procedure. 

To date we have had experience with six patients 
who developed signs and symptoms of intestinal isch- 
emia from 2 to 18 months after aortobifemoral 
grafting for aortoiliofemoral occlusive disease. Pro- 
gression of the disease process or superimposed throm- 
bosis of stenotic mesenteric vessels presumably are 
the cause of the initiation of gut ischemia. Two were 
successfully treated by revascularization of the mes- 
enteric vessels while the other four died from mas- 
sive gangrene of the gut. 

Thus following documentation of seven patients who 
developed early and six patients late intestinal ischemia 
and gangrene after aortoiliofemoral reconstructive sur- 
gery we decided to concomitantly revascularize the gut 
at the initial operation in such patients who also demon- 
strated evidence of severe celiac and superior mesen- 
teric occlusive disease. These patients were recognized 
by the presence of a markedly enlarged central anasto- 
motic artery on the frontal aortogram and severe proxi- 
mal celiac and superior mesenteric disease seen on the 
lateral aortogram. 


DSDNA a 


Fic. 9. Aortobifemoral graft with a side arm saphenous vein-superior 
mesenteric artery bypass. 
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Seven such patients were selected from over 200 
patients who had aortograms indicative of advanced 
aortoiliofemoral occlusive disease. In five patients the 

r definitive operation was aortobifemoral cloth bypass 
with a separate vein or prosthetic graft from the aorta 
to the superior mesenteric artery (Fig. 9). Endarterec- 
tomy and patch grafting of the celiac artery was per- 
formed in one patient and endarterectomy and patch 
grafting of the stenotic superior mesenteric artery was 
performed in another patient. In a follow-up averaging 
four years, six of the seven patients with concomitant 
mesenteric revascularization have remained symptom 
free presumably with patent grafts. Three of the seven 
have had late follow-up arteriograms demonstrating 
their patency (Fig. 10). One of the seven patients de- 
veloped symptoms of recurrent intestinal ischemia and 
was reoperated on and an obstructed aortosuperior 
mesenteric artery saphenous vein graft was replaced 

. by a Gortex® graft. This patient's Gortex graft has 
Y subsequently been shown to be patent. 





Fic. 11. Saphenous vein graft anastomosed to the superior mesenteric 
artery distal to the stenotic proximal disease in case 4. Not shown 
is the distal end of the vein graft which is attached to the aorta. 


Routine aortograms performed prior to operation for 
elective resection of abdominal aneurysms often also 
show associated occlusive disease of the mesenteric 
vessels. In over 200 such patients we selected five for 
concomitant mesenteric revascularization at the time of 
aneurysmectomy. The following history is an example 
of such a case. 


Case 4. A 64-year-old man was admitted for investigation of back- 
ache. Clinical examination revealed an 8 cm abdominal aneurysm 
by palpation. Aortography showed occlusion of the inferior mesen- 
teric artery and significant stenosis of the superior mesenteric artery. 
At operation aneurysmectomy with replacement by cloth graft was 
carried out. Although the patient had not experienced any symptoms 
of intestinal ischemia, bowel discoloration was noted on reflection 
of the mesentery. Because of this operative finding and the aorto- 
graphic evidence of disease of the mesenteric vessels, prophylactic 
interposition of an aortosuperior mesenteric vein graft was carried 
out concomitantly (Fig. 11). The patient has been well and without 
symptoms during a two year follow-up. Figure 12 shows reimplanta- 
uon of a cuff of aneurysm containing an enlarged inferior mesenteric 
Fic. 10. Lateral aortogram showing aortosuperior mesenteric artery artery into an aortic graft. This technique of inferior mesenteric 
bypass patent two years after placement. Note also severe occlusive revascularization was carried out concomitantly in the other four 
disease of the celiac and superior mesenteric arteries. patients. The preoperative aortograms of these patients had demon- 
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strated an enlarged central anastomotic artery originating from the 
inferior mesenteric artery together with severe occlusive disease 
of the celiac and superior mesenteric origins (Fig. 13). 
Discussion 
Fatal massive gangrene of the gut has been described 
both by us and others occurring early or late after 





Fic. 12. Note cuff of aneu- 
rysm contaming an enlarged 
inferior mesenteric artery 
inserted into prosthetic graft 
replacing aortic aneurysm. 


aortoiliofemoral reconstructive surgery. ^75 A 
borrowing-lending phenomenon has been suggested 
as the etiologic mechanism when gangrene occurs in 
the early postoperative period.’ Its development 
months or years later appears to be secondary to super- 
imposed thrombosis of narrowed mesenteric vessels 


Fic, 13. Appearance of en- 
larged central anastomotic 
artery originating from im- 
ferior mesentenc artery seen 
both on aortogram (right) 
and at surgery (left). 
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or progression of the arteriosclerotic occlusive process 
or a combination of both. Although two of our patients 
with severe asymptomatic mesenteric lesions who had 
undergone aortobifemoral grafting eventually were re- 
cognized as suffering from mesenteric ischemia and 
had their gut successfully revascularized at reopera- 
tion, this was not the usual outcome. The majority 
of patients were less fortunate and either were found 
to be inoperable at subsequent operation or died from 
massive bowel resection. Because of this experience, 
four years ago we embarked on concomitant superior 
mesenteric artery —aorta bypass in those patients who 
were identified as having severe occlusive disease of 
both the celiac and superior mesenteric arteries. The 
additional effort of a secondary bypass to the superior 
mesenteric artery has not added morbidity or mortality 
in these selected patients. The procedure is similar 
to the more familiar renal artery bypass that has been 
widely employed in patients with renal vascular hyper- 
tension undergoing other intraabdominal revasculariza- 
:- tion procedures. The operation of revascularization of 
the celiac and superior mesenteric arteries is well es- 
tablished as a definitive procedure alone and has been 
shown to be successful and effective if performed be- 
fore the onset of intestinal gangrene. 

Our experience with such procedures, both with and 
without concomitant aortobifemoral reconstructive 
surgery indicates a higher long-term patency than with 
femoral- popliteal bypass grafting. As an example, 11 
of 12 concomitant mesenteric revascularization pro- 
cedures appear to have remained patent for over a 
four year follow-up period. 

Although we have successfully carried out revascu- 
larization of both the celiac and superior mesenteric 
arteries in a patient with intestinal ischemia, we have 
not performed such a procedure prophylactically. The 
splenic artery has not been employed as a bypass to 
the distal aorta to revascularize a blocked celiac axis, 
but we believe this may be an alternative technique 


DISCUSSION 


Dr. Jesse E. THOMPSON (Dallas, Texas): It is important for Dr. 
Connolly to point out the various lesions which may be responsible 
for intestinal gangrene following vascular reconstructive maneuvers. 

We too have performed prophylactic revascularization of the in- 
testine, both in aortic occlusive disease and aortic aneurysms, more 
commonly in aortic aneurysms, when the inferior mesenteric artery 
is quite large and a button of aortic wall can be reimplanted into 
the graft. 

One technique on which Dr. Connolly did not elaborate that may 
be helpful in selected patients is endarterectomy of the origin of 
the interior mesenteric artery, concomitant with aortic endarterec- 


Hess tomy. When feasible, endarterectomy of the IMA is simple, effective, 


and eliminates a grafting procedure. 
I am aware of one patient in our hospital in whom the significance 
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that offers promise for future trial. Patients with severe 
occlusive disease of the celiac and superior mesenteric 
arteries who have an enlarged central anastomotic 
artery originating from a patent inferior mesenteric 
artery that must be divided at the time of abdominal 
aneurysm resection should have this vessel reimplanted 
into the cloth aortic replacement graft. 
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of the large central anastomotic artery was not appreciated as an 
indicator of superior mesenteric artery occlusion. The orifice of 
the IMA occluded postoperatively, and the patient died of massive 
bowel gangrene. This illustrates Dr. Connolly's principle. 

I would like to mention one technical point which has been helpful 
to me. In two instances, one after translumbar aortography, another 
after an aortic procedure, the patient had severe acute right lower 
quadrant pain, tenderness, fever, and leukocytosis of over 30,000. 
Both were known to have compromised mesenteric circulation. Im- 
mediate exploration showed severe ischemia of the lateral cecal wall, 
limited largely to the area between the two lateral tinea. Revascular- 
ization was carried out, but the cecal wall still appeared ischemic. 
Rather than risk contamination from bowel resection, the area of the 
cecum was simply plicated, using the two tinea as anchors, turning 
in the compromised bowel. Both patients made uneventful recoveries 
without a second look, without a loss of bowel, and without infec- 
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tion. I mention this simply as a simple way to get out of an otherwise 
hazardous situation. 


Dr. GARDNER W. Smith (Baltimore, Maryland): I would like to 
ask Dr. Connolly a question. There has been some suggestion that 
perhaps vein grafts do not function as well in the abdomen as 
they do in the extremities, and there has been some enthusiasm for 
using Dacron in that situation instead. What is his opinion on that? 


DR. QWEN H. WANGENSTEEN (Minneapolis, Minnesota): | rise 
only to comment upon the recognition of arterial mesenteric oc- 
clusion, which Jackson, Porter, and Quinby described as being a 
much slower process than venous mesenteric occlusion. The latter 
can be readily recognized by the simple expedient of injecting 500— 
700 cc of air in the peritoneal cavity. The infarcted intestinal loops 
because of the increased density appear as if filled with barium. 

Recognition of arterial mesenteric occlusion is by no means that 
easy. Dr. Ghanem of Alexandria, Egypt, working in our laboratory, 
together with Dr. Goodale showed some years ago (1970) that when 
a segment of the superior mesenteric artery circulation is occluded 
in mice, rats, and dogs, within a period of six to eight hours one 
observes regularly an extraordinary outpouring of peritoneal leuko- 
cytosis, not present in the peripheral blood. 

I would commend, therefore, utilization of peritoneal aspiration 
to ascertain the presence of peritoneal leukocytosis in all instances 
in which arterial mesenteric occlusion looms as a possibility. This 
occurrence awaits verification in man. Several months ago I suggested 
to Frank Spencer that he, having direct access to a large hospital 
population of acute material, could perhaps determine whether in 
man high peritoneal leukocytosis regularly attends arterial mesenteric 
occlusion, as it does in the three varieties of animals mentioned — 
and in time to achieve a good salvage rate in patients. 


Dr. FErix EAsTCOTT (London, England): Intestinal gangrene is 
common, and like completed strokes in patients with carotid disease, 
it often does give preliminary warnings of its advent. In neither 
of these conditions can we honestly say, as surgeons, that we have 
made much impression with our procedures on the total incidence 
of this condition in the population. 1 am sure it is the same in the 
United States as it is in the United Kingdom, even in patients who 
already have symptoms. 

The application of these maneuvers to completely symptomless 
patients, of course, is another big step ahead, but it is one which 
] am confident we shall see, and for the reasons that Dr. Connolly 
has so ably put before us. 

We should always be careful about these meandering left colic 
arteries and always take a lateral roentgenogram. Ht is not always 
easy to persuade the radiologist to do this, particularly when the 
roentgenographic examination is conducted by the translumbar 
method. 

There is, of course, an occasional patient who has a large, 
meandering colic artery in association with an abdominal aortic ob- 
struction. When that condition causes claudication, there is mesen- 
teric steal, and when the patient tries to walk he gets abdominal 
symptoms. 

We have had cases in which the syndrome has been completely 
relieved, not brought on but relieved, by aortofemoral bypassing. 
In other words, there was plenty of blood to go round. It was being 
shared before that. 

We had a patient, like the one Dr. Connolly mentioned, who 
was a perfectly well man, except for his lower body ischemia. He 
underwent aortofemoral grafting and died of intestinal gangrene. 
We should have been warned in that situation because we did notice 
at the end of the grafting procedure when the clamp on the aorta 
was removed that the intestine looked a little brown, and perhaps 
the arcades were not pulsating as well as they should have. That 
man paid a terrible price and now we are on the lookout for the 
problem, and in the future we shall be ready to revascularize. 

I would like to indicate briefly the experience that we had at St. 
Mary's Hospital with mesenteric revascularization, of which 12 have 
been performed. 
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In seven procedures the mesenteric arcade was revascularized 
either by bypass grafts or by endarterectomy. All but one of these 
patients did well. and in that one there was midmesenteric ischemia 
lower on the main trunk. In that situation we should have done 
what Ranger and Spence did at the Middlesex Hospital in 1962, 
which was to join the ileocolic artery side to side to the aorta and 
do what we are doing now in operations on the leg. That is, a tibial 
or peroneal type of bypass, in which the distal distribution is re- 
vascularized without reference to the blocked intermediary segment. 

There were also three abdominal/thoracic aorta cases, in which 
revascularization of the major vessels had to be done, whether we 
liked it or not. Two of these were done by Stanley Crawford's intra- 
luminal method, which for those of you who have not tried it, | 
recommend, because even we can manage it safely, and it is quick. 
The other patient was operated upon by the long, drawn out method, 
with seven or li anastomoses of the branching system, which is 
more difficult, but is safe if you sit down to it and get the bypass 
going. 

There were three patients with abdominal aortic aneurysm of the 
type that the essayists mention, and these were revascularized, one 
with an interior mesenteric patch graft, one with a separate leg into 
the internal iliac graft. and one in which the internal iliac was added 
to the bifurcation graft. 

So, 11 of the 12 patients who underwent revascularization did 
well. We may advance now, with Dr. Connolly, to a preventive 
operation. 


Dr. JouN E. CoNNoriLY (Closing discussion): Dr. Thompson. 
we also have performed endarterectomy on the inferior mesenteric 
artery to which vou have called attention, Of course, the inferior 
mesenteric artery orifice is not nearly as often involved with arterio- 
sclerotic compromise as is the celiac or superior mesenteric artery 
take offs. 

Dr. Smith, we do not know whether saphenous vein or prosthetic 
graft is best to use. We have more recently been using 
Gortex as our prosthetic graft. One of the prophylactic mesen- 
teric bypass operations that we listed in our paper thrombosed about 
14 months after the initial operation. It was a vein graft and its 
occlusion resulted in return of intestinal ischemic symptoms. We 
reoperated and replaced the thrombosed vein with a prosthetic graft 
and this patient has been asymptomatic now for another year and 
a half. 

Our results in this small series perhaps suggest that mesenteric 
bypass grafts have a higher long-term patency than femoral- popliteal 
bypass grafts. We have also been considering turning down the 
splenic artery and anastomosing it to the aorta or to an iliac artery to 
revascularize the celiac artery. This form of bypass might be even 
preferable to vein or prosthetic grafts. 

Dr. Wangensteen, I was interested in your remarks about how we 
might detect ischemia or even gangrene of the bowel without opening 
the abdomen. The particular point we were trying to make in this 
paper— and this is a broad subject —is to treat selected patients 
prophylactically who are at high risk for development of intestinal 
ischemia and gangrene. 

Finally, Mr. Eastcott, your remarks are particularly appreciated 
because of your tremendous experience in this area. 

You mentioned the meandering mesenteric artery in the Leriche 
syndrome (slide) and this is a picture of a patient upon whom we 
obtained an aortogram in 1969, and you can see the aorta is com- 
pletely blocked at the juxtarenal level and you see a large central 
anastomotic artery that is carrying blood to the legs. This patient, 
indeed, not only experienced claudication on the walking but he also 
experienced simultaneous intestinal ischemia, which, as Mr. Eastcott 
mentioned, was corrected by revascularization of the occluded aorta. 
Subsequently, there have been several reports in the literature de- 
scribing exactly the same phenomenon. 

If you examined the lateral aortogram in this patient, it would 
generally not show any disease of the celiac and superior mesenteric 
artery origins. The flow in such cases is from above downward, 
where what we were talking about before is flow from an enlarged 
inferior mesenteric artery upward to supply stenotic or occluded 
celiac and superior mesenteric vessels. 
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Valium LM. 
(diazepam! 

Providesthree _ 
important benefits 


ll Effective anxiolytic. Especially 
important since high levels of anxiety often 
intensify the experience of pain 














W Effective skeletal muscle relaxant. 

Used adjunctively, relieves the skeletal 
muscle spasm that may aggravate pain and 
interfere with recovery 


E Narcotic analgesic dosage can and 
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narcotic analgesics, reduce narcotic 
dosage at least 1/3 or eliminate; administer 
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sa Injectable 


Valium. 


a promptly controls anxiety/ 
tension before and after surgery 


g diminishes pain-related anxiety 


(diazepam) ( 


can help the surgical patient 
every step of the way 


Please consult complete product information, a 
summary of which follows: 

Indications: Tension and anxiety states; somatic 
complaints which are concomitants of emotional 
factors; psychoneurotic states manifested by ten- 
sion, anxiety apprehension, fatgue, depressive 
symptoms or agitation; symptomatic relief of 
acute agitation, tremor, impending or acute de- 
lirium tremens and hallucinosis due to acute 
alcohol withdrawal; adjunctivelv in: relief of 
Skeletal muscle spasm due to reflex spasm to 
local pathology; spasticity caused by upper motor 
neuron disorders; athetosis; stiff-man syndrome; 
tetanus; status epilepticus, severe recurrent sei- 
zures; adjunctively in anxiety, tension or acute 
stress reactions prior to endoscopic/surgical pro- 
cedures; cardioversion. 

Contraindications: Hypersensitivity; acute narrow 
angie glaucoma; may be used in patients with 
open angle glaucoma receiving appropriate 
therapy. 

Warnings: Jo reduce the possibility of venous 
thrombosis, phlebitis, local irritation, swelling, 
and, rarely, vascular impairment when used LV.: 
inject slowly, taking at least one minute for each 5 
mg (1 mi) given; do not use small veins, i.e., dor- 
sum of hand or wrist; use extreme care to avoid 
intra-arterial administration or extravasation. Do 
not mux or dilute Valium with other solutions or 
drugs in syringe or infusion flask. If it is not feasi- 
ble to administer Valium directly LV., it may be 
injected siowly through the infusion tubing as 
close as possible to the vein insertion. 

Administer with extreme care to elderly, very ill, 
those with limited pulmonary reserve because of 
possibility of apnea and/or cardiac arrest; con- 
comitant use of barbiturates, alcohol or other 
CNS depressants increases depression with in- 
creased risk of apnea; have resuscitative facilities 
available. When used with narcotic analgesic, 
eliminate or reduce narcotic dosage at least Va, 
administer in small increments. Should not be 
administered to patients in shock, coma, acute 
alcoholic intoxication with depression of vital 
signs. As with most CNS-acting drugs, caution 
against hazardous occupations requiring com- 
plete mental alertness (e.g., operating machinery, 
driving). 

Has precipitated tonic status epilepticus in pa- 
tients treated for petit mal status or petit mal var- 
iant status. 

Withdrawal symptoms (similar to those with bar- 
biturates, alcohol) have occurred following abrupt 
discontinuance (convulsions, tremor, abdomi- 
nal/muscle cramps, vomiting, sweating). Keep 
addiction-prone individuals under careful surveil- 
lance because of predisposition to habituation/ 
dependence. 


Usage in Pregnancy: Use of minor tran- 
quilizers during first trimester should al- 
most always be avoided because of in- 
creased risk of congenital malformations 
as suggested in several studies. Consider 
possibility of pregnancy when instituting 
therapy; advise patients to discuss therapy 
if they intend to or do become pregnant. 






Not recommended for OB use. 


Efficacy/safety not established in neonates (age 
30 days or less); prolonged CNS depression ob- 
served. in children, give slowly (up to 0.25 mg/kg 
over 3 minutes) to avoid apnea or prolonged 
somnolence; can be repeated after 15 to 30 min- 
utes. If no relief after third administration, appro- 
priate adjunctive therapy is recommended. 
Precautions: Although promptly controlled, sei- 
zures may return; readminister if necessary; not 
recommended for long-term maintenance 
therapy. 

If combined with other psychotropics or anticon- 
vulsants, carefully consider individual phar- 
macologic effects particularly with known com- 
pounds which may potentiate action of Valium 
(diazepam), Le., phenothiazines, narcotics, bar- 
biturates, MAO inhibitors, antidepressants. Pro- 
tective measures indicated in highly anxious pa- 
tients with accompanying cepression who may 
have suicidal tendencies. Observe usual precau- 
tions in impaired hepatic function; avoid accumu- 
lation in patients with compromised kidney func- 
tion. Laryngospasm/increased cough reflex are 
possible during peroral encoscopic procedures; 
use topical anesthetic, have necessary coun- 
termeasures available. Hypotension or muscular 
weakness possible, particularly when used with 
narcotics, barbiturates or alcohol. Use lower 
doses (2 to 5 mg) for elderly/debilitated. 

Adverse Reactions: Drowsiness, fatigue, ataxia, 
venous thrombosis/phlebitis at injection site, con- 
fusion, depression, dysarthria, headache, 
hypoactivity slurred speech, syncope, tremor, 
vertigo, constipation, nausea, incontinence, 
changes in libido, urinary retention, bradycardia, 
cardiovascular collapse. hypotension, blurred 
vision, diplopia, nystagmus, urticaria, skin rash, 
hiccups, changes in salivation, neutropenia, 
jaundice. Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucinations, in- 
creased muscle spasticity, insomnia, rage, sleep 
disturbances, stimulation have been reported; 
should these occur, discontinue drug. Cough, 
depressed respiration, dyspnea, hyperventilation, 
laryngospasm/pain in throat and chest have been 
reported in peroral endoscopic procedures. iso- 
lated reports of neutropenia, jaundice; periodic 


C3 narcotic analgesic dosage can 
and should be reduced 


ready-to-use 2-ml Tel-£-Ject®] 
disposable syringes 
2-ml ampuls, 10-ml vials | 


5 mg/ml 


ie., dorsum of hand or wrist. Use extreme care tc 
avoid intra-arterial administration or extravasa- 
tion. Do net mix or dilute Valium with other solu- 
tions or drugs in syringe or infusion flask. If it is 
not feasible to administer Valium (diazepam) di- 
rectly LV., it may be injected slowly through the 
infusion tubing as close as possible to the vein 
insertion. 

Moderate psychoneurotic reactions, 2 to 5 mg 
I.M. or I. V. and severe psychoneurotic reactions, 
5 to 10 mg I.M. or L.V., repeat in 3 to 4 hours if 
necessary; acute alcoholic withdrawal, 10 mg I.M. 
or LV initially then 5 to 10 mg in 3 to 4 hours if 
necessary. Muscle spasm, in adults, 5 to 10 mg 
I.M. or iV. initially then 5 to 10 mg in 3 to 4 hours 
if necessary (tetanus may require larger doses); in 
children, administer LV. slowly; for tetanus inin- 
fants over 30 days of age, 1 to 2 mg I.M. or I. V, 
repeat every 3 to 4 hours if necessary; in children 
5 years or older, 5 to 10 mg repeated every 3 to 4 
hours as needed. Respiratory assistance should 
be available. 

Status epilepticus, severe recurrent convulsive 
seizures (1.V. route preferred), 5 to 10 mg adult 
dose administered slowly, repeat at 1O- to 15- 
minute intervals up to 30 mg maximum. Repeat 
in 2 to 4 hours if necessary keeping in mind 
possibility of residual active metabolites. Use cau- 
tion in presence of chronic lung disease or un- 
stable cardiovascular status. infants (over 30 
days) and children (under 5 years), 0.2 to 0.5 mg 
slowly every 2 to 5 min., upto 5 mg (I. V. pre- 
ferred). Children 5 years plus, 1 mg every 2 to 5 
min., up te 10 mg (slow I. V. preferred); repeat in 2 
to 4 hours if needed. EEG monitoring may be 
helpful. 

In endoscopic procedures, titrate I. V. dosage to 
desired sedative response, generaily 10 mg or 
less but up to 20 mg (if narcotics are omitted) 
immediately prior to procedure; if LV. cannot be 
used, 5 to 10 mg I.M. approximately 30 minutes 
prior to procedure. As preoperative medication, 
10 mg I.M.; in cardioversion, 5 to 15 mg I. V. within 
5 to 10 minutes prior to procedure. Once acute 
symptomatology has been properly controlled 
with injectable form, patient may be placed on 
oral form if further treatment is required. 
Management of Overdosage: Manifestations in- 


blood counts, liver function tests advisable during clude somnolence, confusion, coma, diminished 


long-term therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known significance. 
Dosage: Usual initial dose in older children and 
adults is 2 to 20 mg I.M. or LV, depending on 
indication and severity Larger doses may be re- 
quired in some conditions ttetanus). In acute 
corditions injection may be repeated within 1 
hour, although interval of 3 to 4 hours is usually 
satisfactory. Lower doses (usually 2 to 5 mg) with 
slow dosage increase for elderly or debilitated pa- 
tierts and when sedative drugs are added. (See 
Warnings and Adverse Reactions.) 

For dosages in infants and children see below, 
have resuscitative facilities available. 

LM. use: by deep injection into the muscie. 

LV. use: inject slowly, take at least one minute for 
each 5 mg(1mdl) given. Do not use small veins, 


reflexes. Monitor respiration, pulse, blood pres- 
sure; employ general supportive measures, I.V. 
fluids, adequate airway. Use levarterenol or 
metaraminol for hypotension, caffeine and 
sodium benzoate for CNS-depressive effects. 
Dialysis is of limited value. 

Supplied: Ampuls, 2 ml, boxes of 10; Vials, 10 ml, 
boxes of 1; Tel-E-Ject* (disposable syringes), 2 
ml, boxes of 10. Each ml contains 5 mg diazepam 
compounded with 40% propylene glycol, 10% 
ethyl alcohol, 5% sodium benzoate and benzoic 
acid as buffers, and 1.5% benzy! alcohol as 
preservative. 
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(VDC) for Arterial, Venous and Cerebral 
Vascular evaluation 


Complete Internal Programs for the 
AUTOMATIC Evaluation, Interpretation, 
DISPLAY and HARD-COPY PRINT-OUT of 
all PVR SYSTEM Information: 


ee Clinical history and findings 
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The VDC is programmed on the basis of 
substantial clinical experience over large 
patient series. It totally separates diagnostic 
interpretation from the relatively simple and 
easily-taught acquisition of the mechanical 
information obtained from the PVR system. 


The result is OUTSTANDING simplification 
of CLINICAL INTERPRETATION, and 
substantial reduction in technician and 
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By KIYOSHI INOKUCHI, M.D., 
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Here is a unique and timely atlas text describing 
the wide variety of diseases and lesions that nave 
been successfully treated through vascular anas- 
tomoses performed with a new Stapling instrument 
Originated and perfected by Dr. Inokuchi. 


The extensive experiences of the authors with ves- 
sel suturing equipment have extended the use of 
these instruments beyond the repair and recon- 
Struction of vessels, to other areas of surgery. For 
example, use of the Inokuchi stapling instrument 
has made possible the free transplantation of intes- 
tine as a reconstruction of the cervical esophagus. 


A highlight of the book is a discussion of the many 
problems and difficulties which arise in portacaval 
shunt for portal hypertension. The authors have 
realized success in this operation and describe a 
new technique—left gastric venous-caval shunt. 


This highly descriptive book contains details on 
the design of the Inokuchi vascular stapler and 
step-by-step instructions on its use and applica- 
tions. Many of the operations performed utilizing 
the device are discussed, describing the 
techniques used and giving case histories 


198 pages / 301 illustrations, including 68 photographs 
11 in color / 21 Tables / 1975 / $57 OO. 


Lippincott 


J. B. Lippincott Company 
East Washington Square e Phila., Pa. 19105 
Please send me: 
G ATLAS OF APPLIED 





VASCULAR SURGERY $57.00 
HARE aeo enc imt = 
Address — — ÜÓRÓ— Á(— 
a): LLL Ls s s Zip 





G Payment enclosed 
Save postage & handling 


Charge and bill me 
Plus postage & handling 


Also available at your medical bookstore AS 10/79 





am am am aD ee ee ee ee D es D — — D D D — — — — end 


® 





u WE SE Multi-Vitamin Infusion) 


Each 10 cc. ampul* or 5 cc. Concentrate vialt+ 
provides: 


Paceric add (OQ). ai deci pd eri by 500 mg. 
MUI eaa a odia er inre RU Ea 10,000 I. U. 
Vitamin D* (ergocalciferol)................... 1,000 I.U. 
Tiiamine HOA orit RECS cde 50 mg. 
FOUN OB Luaeeed AA TT 10 mg. 
PVT HOMINIS Hol Ba naaa 15 mg. 
RO p Db E TNT RETI NE TERI 100 mg. 
Dexpanthenol.......................eeenn 25 mg. 


Vitamin E* (dl-alpha tocopheryl acetate)......5 I.U. 


*With sorethytan laurate 1%, sodium hydroxide 


1%, butylated hydroxytoluene 0.003%, butylated 
hydroxyanisole 0.0008%; and gentisic acid eth- 
anolamide 2% as preservative. 

‘With propylene glycol 30% and gentisic acid 
ethanolamide 2% as stabilizers and preserva- 
tives, sodium hydroxide for pH adjustment, 
sorethytan laurate 1.6% butylated hydroxy- 
toluene 0.006%, butylated hydroxyanisole 
0.0015%. 


*QOil-soluble vitamins A, D and E water solubi- 


lized with sorethytan laurate. 


** n Concentrate as riboflavin-5-phosphate. 


BRIEF SUMMARY 

INDICATIONS: in emergency feedings— Surgery, 
extensive burns, fractures and other trauma, 
severe infectious diseases, comatose states, etc. 
may provoke a "stress" situation with profound 
alterations in the body's metabolic demands and 
consequent tissue depletion of nutrients. As a 
result, wound healing may be impaired, enzyme 
activity disturbed, hematopoietic tissues affected: 
hypoproteinemia and edema may appear; conva- 
lescence is thus prolonged. 


In such patients M.V.I. (administered in intra- 
venous fluids under proper dilution) contributes 
optimum vitamin intake toward maintaining the 
body's normal resistance and repair processes. 


DIRECTIONS FOR USE: M.V.I. is ready for im- 
mediate use when added to intravenous infusion 
fluids. 


For intravenous feeding, one daily dose of 10 cc. 
of M.V.l. or 5 cc. of M.V.l. Concentrate added 
directly to not less than 500 cc., preferably 1,000 
CC., of intravenous dextrose, saline or similar infu- 
sion solutions...plasma, protein hydrolysates, etc. 


PRECAUTION: Allergic reaction has been known 
to occur following intravenous administration of 
solutions containing thiamine. 


CAUTION: Not to be given as a direct undiluted 
intravenous injection as it may give rise to dizzi- 
ness, faintness, etc. 


THERAPEUTIC NOTE: Intravenous use should 
be discontinued as early as practical in favor of an 
intramuscular or oral vitamin preparation, if 
deemed acvisable. 

HOW SUPPLIED: M.V.I.— 10 cc. ampuls, boxes 
of 25 and 100 (NSN 6505-00-455-9955/NSN 
6505-00-424-9808A). 

M.V.I. CONCENTRATE—5 cc. vials, boxes of 25. 
Available in 100s only (NSN 6505-00-212- 
61564). 


L.X hoy | p USV Laboratories. Division 
USV Pharmaceutical Corp 
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Four Discoveries That 


Changed Medical History 





Reprinted from Letters to the Editor, JAMA.* 





We have reprinted the above letter to the 
editor of JAMA because we believe it should 
be seen by every physician concerned 

with the nutritional status of hospitalized 
patients. The letter writer ranks hyper- 
alimentation with some of the monumental 
medical discoveries of the past—anesthe- 
Sia, antisepsis and antibiotics. Few who 
have witnessed the lifesaving benefits of 
this technique would argue the point. 


We at USV are proud of our continuing role 
in hyperalimentation through the develop- 
ment and refinement of the comprehensive 


“® Stevens JC: Surgical Nutrition: The Fourth Coming, reprinted from Letters to 


the Editor. JAMA 239:192, 1978. 


1. Dudrick SJ, Wilmore DW, Vars HM, et al: Long-term parenteral nutrition 
with growth, development and positive nitrogen balance. Surgery 
64:134-142, 1968. 


multivitamin infusion M.V.I*, as well as 
sponsorship of research and educational 
programs in parenteral nutrition. 


Tolearn how hyperalimentation may reduc 
morbidity and mortality in a wide variety o 
clinical situations, just write us on your 
letterhead requesting a comprehensive 
monograph, tape-cassette program and/« 
film on the subject. 


USV Laboratories, Division L-——-—-—-— 
USV Pharmaceutical Corp. | 


LABORATOMIES Tuckahoe, New York 10707 
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storz 
DENVER PERITONEO-VENOUS SHUNT 


T2000-A High flow rate (most adults) T2000-C Low flow rate (most children) 


T2000-B Medium flow rate T2000-D Extra-high flow rate(by special request) © 1979 STORZ 
SPA-229 : INSTRUMENT CO 





=LF-CLEANING ACTION 


Potentially clogging debris build-up is discouraged by the valve's unique 
lateral rubbing action. 


Patency is confirmed, blood clots dislodged, and ascites flow increased by percutaneous 
pumping of the soft valve casing by the surgeon or patient. 


Even at very high or low pressures, valve reliably prevents reflux to the peritoneal cavity. 


CHOICE OF FLOW RATES 


High, medium, or low flow shunts are available, or extra high flow rate shunt by request. Precisely calibrated 
flow rate may easily be confirmed by surgeon, if desired, 


RADIOPAQUE 


Easily visualized by fluoroscopy or roentgenography. Catheters feature radiopaque lines. 


Inert, soft medical grade silicone minimizes the possibility of adverse tissue reaction. 


Detailed technical information on the Storz Denver 
Peritoneo-Venous Shunt surgical procedure is available 
from Storz Instrument Company, Dept. A-1 


“Consistent t Craftsmanship Since 18 


x INSTRUMENT COMPANY. 
The Denver Peritonea-Venous Shunt is manufactured by 3365 Tree Court industrial Blvd, St. Lonis, Mo. 63122 
Denver Biomaterials Inc., and distributed exclusively by Storz. 
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Lifesaving Partnership. : 
Against Cancer Quacker 

















The anguish associated with cancer is compounded 
by the cancer quack. False hopes—harmful delays— 
devastating expenses—deceptive diagnoses—loss of 
life—these are hazards facing the cancer patient 
desperate enough to seek a cancer quack. 

The problem: how to divert the patient 
from this tragic encounter. 

As medical guide, family counselor, trusted 
friend—you, doctor, play a major role in the 
fight against cancer quackery. 

We are here to serve as your partner. 

Our National Office maintains an up-to-date central 
clearinghouse for materials on unproven methods of 
cancer diagnosis and treatment. This is a unique operation 
and the principal source of such information in the 
country. Its services are widely used. Hundreds of 
inquiries are received and answered from all 
segments of the community, from coast to coast. 

To trigger grass-roots action, we have 
formulated a model State Cancer Remedy 
Act designed to control the promotion and 
sale of unproven methods of cancer 
management. This has helped to inspire 
some 20 states to enact or consider 
legislation against cancer quackery— with 
active support from the medical 
community. Copies of the model act, as 
well as copies of laws in effect, are available 
through our National and Division offices. 

In these actions against cancer quackery, 
as in all our efforts against cancer, ours 
is a lifesaving partnership. 


American Cancer § octety s 


NUBAIN 


Nnalbouphine HCI 


ANALGESIA COMPARABLE 
TO MORPHINE 


-10 MG NUBAIN IS COMPARABLE TO 
10 MG MORPHINE IN ANALGESIA 


-ONSET OF ACTION IN 2 TO 3 MINUTES LN, 
AND LESS THAN 15 MINUTES I.M.OR S.C. 


-ANALGESIA LASTS FROM 
3 TO 6 HOURS 





® 
AMPULS AND 


NUBAIN VIAL uu =e 


nalouphine HCI "1 


DOCUMENTED 
CLINICAL VALUE 


—  — — Twenty-seven investigations reported on the benefits of NUBAIN as 

——  — a pre-anesthetic, postoperative or chronic medication in 

DU v a variety of studies involving: Bi obstetric (during labor) and 

— gynecologic patients m general surgical patients m Cancer patients 
|. W cardiac patients m orthopedic patients M gastrointestinal patients 


LOW INCIDENCE 
OF SIDE EFFECTS 


In 27 single or cross-over clinical studies involving 9,038 drug 
evaluations, NUBAIN showed a low level of side effects* Specifically, 
compared to morphine and meperidine, NUBAIN caused a lower 
incidence of vomiting. And, compared to Talwin® (pentazocine 
lactate), NUBAIN caused fewer psychotomimetic effects. The 
following bar chart shows the incidence of these side effects among 
the drugs tested? 


PSYCHOTOMIMETIC 
OCCURRENCES 
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*p€ 0 05 Statistically significant difference from NUBAIN group 


TR NUBAIN (1,066 patients) pe MEPERIDINE (234 patients) 


Key 


MORPHINE (486 patients) B * TALWIN" (252 patients) 


' These clinical studies involved patients with pain from a variety of medical causes, inc luding labor, 
cancer, and orthopedic and general surgical procedures. Actual number of patients experiencing each 
side effect is shown in parentheses on the bar graphs 


* - 


LOW RESPIRATORY 
DEPRESSANT EFFEC 


At dosages of 10 m3/70 kg, NUBAIN causes respiratory depression 
comparable to that of morphine. In contrast to morphine, higher doses 


of NUBAIN do not increase respiratory depression appreciably 
(see Precautions). 


Compared to morphine Compared to meperidine 
NUBAIN offers NUBAIN offers 

@ analgesia comparable to morphine W analgesia comparable to that of 
in milligram potency, onset, peak, meperidine 


duration | possibly longer duration of action 
- lower incidence of vomiting (3-6 hrs. vs. 2-4 hrs.) 


- lower respiratory depressant effect lower incidence of nausea and 
at higher doses vomiting 


E less potential for abuse m iess potential for abuse 


| less potential for development of E iess potential for development of 
tolerance and physica! dependence tolerance and physical dependence 


m fewer side effects were experi- 
enced during labor by mothers in 
obstetrica! studies’ 


' in four double-blind obstetrical studies, NUBAIN and meperidine provided comparable analgesia. 
Neonates did equally well on both drugs but there is a possibility that either drug can 


produce depressive effects in the fetus or neonate. Mothers receiving NUBAIN experienced 
fewer side effects. 
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DESCRIPTION 


NUBAIN (nalbuphine hydrochloride) is a synthetic narcotic agonist-antagonist analgesic of the 
phenanthrene series. It is chemically related to both the widely used narcotic antagonist, naloxone, and 
the potent narcotic analgesic, oxymorphone. 


"d i NALBUPHINE HYDROCHLORIDE 


N (- V-(cyclobutytmethyD -4, 5a-epoxy — 
morphinan-3, 6a. 14-triol hydrochloride 


e HCI 
HO Q* OH 
Each mi of the injectable aqueous solution of NUBAIN contains 10 mg of nalbuphine hydrochloride 


ACTIONS 


NUBAIN is a potent analgesic. its analgesic potency is essentially equivalent to tha: of morphine on e 
milligram basis. 

its onset of action occurs within 2 to 3 minutes alter intravenous administration, and in less than 15 
minutes following subcutaneous or intramuscular injection. The plasma half-life of nalbuphine is 5 
hours and in clinical studies the duration of analgesic activity has been reported to range from 3 to & 
hours. 

The narcotic antagonist activity of NUBAIN is one-fourth as potent as nalorphine and 10 times that oi 


Eo ocine 
evan INDICATIONS 


For the relief of moderate to severe pain. NUBAIN can also be used for preoperative analgesia, as s 
supplement to surgical anesthesia, and for obstetrical analgesia during labor. 


CONTRAINDICATIONS 
NUBAIN should not be administered to patients who are hypersensitive to it. 


WARNINGS 


Drug Dependence NUBAINhas been shown to have a low abuse potential which is approximate to 
that of pentazocine. When compared with drugs which are not mixed agonist-antagonists, it has beer 
reported that nalbuphine's potential for abuse would be less than that of codeine and propoxyphene. 
Psychological and physical dependence and tolerance may follow the abuse or misuse of nalbuphine. 
Therefore, caution should be observed in prescribing it for emotionally unstable patients, or for 
individuals with a history of narcotic abuse. Such patients should be closely supervised when dong- 
term therapy is contemplated. 

Care should be taken to avoid increases in dosage or frequency of administration which in 
susceptible individuals might resull in physical dependence. 

Abrupt discontinuation of NUBAIN following prolonged use has been followed by symptoms ol 
narcotic withdrawal, ie., abdominal cramps, nausea and vomiting, rhinorrhea, lacrimation. 
restlessness, anxiety, elevated temperature and piloerection. 


Use in Ambulatory Patients NUBAIN may impair the mental or physical abilities required for the 
performance of potentially dangerous tasks such as driving a car or operating machinery. Therefore, 
NUBAIN should be administered with caution to ambulatory patients who should be warned to avoid 
such hazards. 


Use in Emergency Procedures Maintain patient under observation until recovered from 
NUBAIN effects that would affect driving or other potentially dangerous tasks. 


Use in Children — Clinical experience to support administration to patients under 18 years is noi 
available at present. 


Use in Pregnancy (other than labor) Safe use of NUBAIN in pregnancy has not been 
established. Although animal reproductive studies have nol revealed leratogenic or embryotoxic 
effects, nalbuphine should only be administered fo pregnant women when, in the judgement of the 
physician, the potential benefits outweigh the possible hazards. 


Use During Labor and Delivery | NUBAIN can produce respiratory depression in the neonate. 1t 
should be used with caution in women delivering premature infants. 


Head Injury and Increased Intracranial Pressure — Thepossible respiratory depressant effects 
and the potential of potent analgesics to elevate cerebrospinal fluid pressure (resulting from 
vasodilation following CO, retention) may be markedly exaggerated in the presence ol head injury, 
intracranial lesions or a pre-existing increase in intracranial pressure. Furthermore, potent analgesics 
can produce effects which may obscure the clinical course of patients with head injuries. Therefore, 
NUBAIN should be used in these circumstances only when essential, and then should be administered 
with extreme caution. 


interaction With Other Central Nervous System Depressants — Although NUBAIN possesses 
narcotic antagonist activity, there is evidence that in nondependent patients it will not antagonize a 
narcotic analgesic administered just before. concurrently, or just affer an injection of NUBAIN. 
Therefore, patients receiving a narcotic analgesic, general anesthetics. phenothiazines, or other 
tranquilizers, sedatives, hypnotics, or other CNS depressants (including alcohol) concomitantly with 
NUBAIN may exhibit an additive effect. When such combined therapy is contemplated, the dose of one 
at both agents should be reduced. 





IT CAN CHANGE THE WA: 
YOU THINK ABOUT 
POTENT ANALGESICS 


PRECAUTIONS 


Impaired Respiration At the usual adult dose of 10 mg/70 kg. NUBAIN causes some respiratory 
depression approximately equal to that produced by equal doses of morphine. However, in contrast to 
morphine, respiratory depression is not appreciably increased with higher doses of NUBAIN. 
Respiratory depression induced by NUBAIN can be reversed by NARCAN * (naloxone hydrochloride) 
when indicated. NUBAIN should be administered with caution at low doses to patients with impaired 
respiration (e.g.. from other medication, uremia, bronchial asthma, severe infection, cyanosis or 
respiratory obstructions}. 


Impaired Renal or Hepatic Function Because NUBAIN is metabolized in the liver and excreted 
by the kidneys, patients with renal or liver dysfunction may overreact to customary doses. Therefore, in 
these individuals, NUBAIN should be used with caution and administered in reduced amounts. 


Myocardial infarction As with al! potent analgesics, NUBAIN should be used with caution 
in patients with myocardial infarction who have nausea or vomiting. 


Biliary Tract Surgery As with all narcotic analgesics, NUBAIN should be used with caution in 
patients about to undergo surgery of the biliary tract since it may cause spasm of the sphincter of Oddi. 


ADVERSE REACTIONS 


The most frequent adverse reaction in 1066 patients treated with NUBAIN is sedation (381, 36%). 

Less frequent reactions are: sweaty/clammy (99, 9%), nausea/vomiting (68, 6%), 
dizziness/vertigo (58, 5%), dry mouth (44, 4%), and headache (27, 3%). 

Other adverse reactions which may occur (reported incidence of 1% or less) are: 


CNS Effects nervousness. depression, restlessness, crying, euphoria, floating, hostility, unusual 
dreams, confusion, faintness, hallucinations, dysphoria, feeling of heaviness, numbness, tingling, 
unreality. The incidence of psychotomimetic effects, such as unreality, depersonalization, delusions. 
dysphoria and hallucinations has been shown to be less than that which occurs with pentazocine. 


Cardiovascular Hypertension, hypotension. bradycardia, tachycardia. 
Gastrointestinal Cramps. dyspepsia, bitter taste. 

Respiration Depression, dyspnea, asthma. 

Dermatological itching, burning, urticaria. 

Miscellaneous Speech difficulty, urinary urgency, blurred vision, flushing and warmth. 


DOSAGE AND ADMINISTRATION 


The usual recommended adult dose is 10 mg for a 70 kg individual, administered subcutaneously, 
invamuscularly or intravenously; this dose may be repeated every 3 to 6 hours as necessary. Dosage 
should be adjusted according to the severity of the pain. physical status of the patient, and other 
medications which the patient may be receiving. (See Interaction with Other Central Nervous System 
Depressants under WARNINGS } in non-tolerant individuals, the recommended single maximum dose 
is 20 mg, with a maximum total daily dose of 160 mg. 


Patients Dependent on Narcotics Patients who have been taking narcotics chronically may 
experience withdrawal symptoms upon the administration of NUBAIN. If unduly troublesome, narcotic 
withdrawal symptoms can be controlled oy the slow intravenous administration of small increments of 
morphine, until relief occurs. If the previous analgesic was morphine, meperidine, codeine, or other 
narcotic with similar duration of activity, one-fourth of the anticipated dose of NUBAIN can be 
administered initially and the patient observed for signs of withdrawal, i.e.. abdominal cramps, nausea 
and vomiting, lacrimation. rhinorrhea, anxiety, restlessness, elevation of temperature or piloerection. If 
untoward symptoms do not occur, progressively larger doses may be tried at appropriate intervals until 
the desired level of analgesia is obtained with NUBAIN. 


Management of Overdosage The immediate intravenous administration of NARCAN* 
(naloxone hydrochloride) is a specific antidote. Oxygen, intravenous fluids, vasopressors and other 
supportive measures should be used as indicated. 

The administration of single doses of 72 mg of NUBAIN intramuscularly to eight normal subjects 
has been reported to have resulted primarily in symptoms of sleepiness and mild dysphoria. 


HOW SUPPLIED 


NUBAIN® (nalbuphine hydrochloride) injection for intramuscular, subcutaneous, of intravenous 
use (10 mg/ml is available in: 

NDC 30056-0385 10 mg/ml, 1 mi ampuls (box of 10) 

NDC 40056-0384 10 mg/mi, 2 mi ampuls (box of 10) 

NDC 40056-0386 10 mg/mi, 10 mi vials 

Each mi contains 10 mg nalbuphine hydrochloride, 0.1% sodium chloride, 0.94% sodium citrate 
1 2696 citric acid anhydrous, 0.1% sodium metabisullite, and 0.296 of a 9:1 mixture of methylparaber 
and propylparaben as preservative, pH is adjusted with hydrochloric acid. 


6094-1 Rev. March 1976 
Subsidiary of the DuPont Company 0 
Garden City, New York 11530 TE 


NUBAIN, NARCAN and 


NUMORPHAN are Endo registered U S. trademarks. EDO-656B5 











Hemodynamic Patterns in Human Hepatic Cirrhosis 


A Prospective Randomized Study of the Hemodynamic Sequelae of 
Distal Splenorenal (Warren) and Mesocaval Shunts 


Increasingly successful operative management of gastroesopha- 
geal variceal hemorrhage has been achieved by newer tech- 
niques of portal venous reconstruction. Although it is 
postulated that the clinical success may be due to more 
Selectivity in portal venous shunting, direct determination of 
the effect of portasystemic shunt on portal vein blood flow has 
not been possible. Direct determinations of portal vein blood 
flow were performed preoperative on unanesthetized, hemo- 
dynamically stable cirrhotic patients by observation of 
radiopaque water-insoluble droplets. Patients were then 
randomized into elective distal splenorenal (Warren) or 
mesocaval shunt and determinations were performed postop- 
eratively under similar conditions when clinically possible. 
Although portal vein blood flow was not significantly different 
before (929 + 147 ml/min) or after 899 + 271 ml/min) distal 
splenorenal shunt, there was a large change in portal vein blood 
flow after mesocaval shunt, decreasing from 772 + 177 ml/min 
(hepatopetal) to —1021 + 310 ml/min (hepatofugal) p < 0.01). 
After either procedure total hepatic blood flow (as determined 
by cardiac green clearance) was not significantly changed, nor 
was renal blood flow; however, cardiac output was significantly 
increased after mesocaval shunt. Thus the theoretical 
hemodynamic goals of the selective distal splenorenal shunt, 
i.e. , preservation of the hepatopetal flow within the portal vein, 
is achieved as determined in the early postoperative period. The 
correlation between these changes and the eventual clinical 
outcome remains to be determined. 


HE MOST COMMON CAUSE of death and morbidity 
T following portasystemic shunt is hepatic failure. 
The causes of hepatic failure in cirrhosis and, in par- 
ticular, following diversion of part or all of portal blood 
from the liver by operative shunt are not well under- 
stood. However, basic to the development of liver fail- 
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ure are the hemodynamic alterations caused both by 
naturally occurring portasystemic collaterals, and in 
addition, portal venous diversion caused by iatrogenic 
portasystemic shunts which are frequently necessary 
to control hemorrhage. A wide spectrum of hemo- 
dynamic patterns exist in patients with hepatic cir- 
rhosis, varying from retrograde flow (hepatofugal) to 
high levels or prograde (hepatopetal) flow; thus, the ex- 
pected hemodynamic consequences of portasystemic 
shunt should vary from patient to patient depending 
on the particular preshunt hemodynamic pattern as well 
as the type of shunt performed. 

The increasing surgical armamentarium of hemo- 
dynamically different portasystemic shunts increases 
the potential importance of knowledge of preoperative 
hemodynamic factors as they may pertain to the early 
and late results following portasystemic decompression 
of portal hypertension by different types of shunts. 
The success of selective distal splenorenal (Warren) 
shunts is being confirmed by an increasing number of 
reports relating to the clinical follow-up and biochemical 
data accrued following this shunt in patients in whom 
hepatic cirrhosis has caused portal hypertension and 
subsequent hemorrhage. In addition, a low operative 
mortality in patients with advanced liver disease has 
been reported using a Dacron? tube “H” graft (Dra- 
panas, interposition masocaval shunt). Although it is 
suspected that the reason for the apparent clinical suc- 
cess of these shunts may be due to more selectivity 
in portal venous shunting, hemodynamic data presently 
available is derived from indirect methods or from pa- 
tients under anesthesia and frequently under hemody- 
namically unstable conditions. 

Hemodynamic data was studied before and after 
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portasystemic shunt in patients in whom hemorrhage 
from esophagogastric varices had been documented 
and following their randomization into distal spleno- 
renal or portal venous reconstruction. Portal vein blood 
flow was studied directly in unanesthetized patients 
by analysis of radiopaque droplet motion. 


Patient Selection 


Forty-one patients with hepatic cirrhosis and upper 
gastrointestinal hemorrhage secondary to portal hyper- 
tension were treated on the peripheral vascular service 
of our hospital between 1971 and 1977. All patients 
underwent portasystemic shunt by or under the direct 
supervision of the principal author. In 27 patients the 
upper gastrointestinal hemorrhage secondary to portal 
hypertension was initially controlled non-operatively: 
hemodynamic and metabolic studies were performed 
whenever feasible in those patients before and after 
selective portasystemic shunt. In all 27 patients the 
source of hemorrhage was determined by routine clini- 
cal methods, including endoscopy and eventual upper 
gastrointestinal barium roentgenographic studies; in 
addition, in accordance with our ongoing clinical in- 
vestigational protocol, portography was performed in 
all patients preoperatively and whenever clinically feasi- 
ble postoperatively. Only those patients in whom hem- 
orrhage was temporarily controlled were considered 
for study. Hemorrhage was initially controlled by 
mesenteric or peripheral vasopressin administration 
and/or balloon tamponade of the gastroesophageal 
varices. Blood transfusions were given to restore phys- 
iological blood volume. If during the same time period, 
hemorrhage recurred soon after cessation of vasopres- 
sin or release of balloon tamponade the patient under- 
went emergency portasystemic venous reconstruction 
to control the hemorrhage by emergency reduction of 
portal pressure, and these patients were not included 
in this study. Patients in whom early rehemorrhage 
did not occur were studied after a suitable period of 
in-hospital recuperation. Before inclusion in this study, 
all patients were fully ambulatory and anabolic and 
all were gaining weight and alimenting orally. Ascites, 
if present, was stabilized. Pulmonary complications 
were particularly frequent following upper gastrointes- 
tinal hemorrhage. The pulmonary complications were 
frequently severe, usually consisting of either atelecta- 
sis, transfusion lung or aspiration pneumonitis or a 
combination of these factors. In all cases complete 
clinical remission was attained before consideration to 
study or elective operation was undertaken. All pa- 
tients underwent open liver biopsy and concomitant 
portal venous catheterization before portal venous re- 
construction, and before randomization into the ap- 
propriate portasystemic shunt. Portal venous catheteri- 
zation was accomplished either by umbilical portal 
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venous cannulation or by direct jejunal mesenteric 
venous catheterization at the time of open liver biopsy. 
Portal venous cannulation and open liver biopsy were 
performed 24 hours prior to hemodynamic study by 
appropriate catheterization techniques as described 
below; portal venous flow determinations were per- 
formed according to our method previously described." 
Thus, all patients in this study had clinically determined 
portal hypertension and hemorrhage; in addition, each 
patient also had biopsy proven severe hepatic cirrhosis, 
and portal hypertension confirmed by direct portal 
manometry. 


Catheterization Studies 


After stabilization and careful administration of 
standard caloric intake, the patients were fasted over- 
night. At 7:00 AM, on the day of testing, the patients 
were transferred to the cardiac catheterization labo- 
ratory and peripheral arterial, right hepatic venous, 
portal venous, and right renal venous catheters were 
placed. Cardiac output, renal blood flow, portal vein 
blood flow, and total hepatic blood flow were then 
studied. 

Right hepatic venous catheterization was achieved 
via an antecubital vein and the superior vena cava. A 
right renal venous catheter was placed via percutaneous 
catheterization of either the left or right femoral vein. 


Hepatic Blood Flow 


Hepatic blood flow was measured by the time con- 
tinuous infusion technique of Bradley,” using indocya- 
nine green.‘ Indocyanine green was infused via periph- 
eral vein for 10 minutes (0.35 mg/min) to attain a steady 
state inasmuch as the usual dose of indocyanine green 
(0.68/mg/min) was too high to be continuously metab- 
olized because of the impaired hepatocellular function 
in cirrhotic patients. Total hepatic blood flow was cal- 
culated according to the Fick principle. By knowing 
the rate of hepatic indocyanine removal (the rate of 
infusion after a steady state is attained), the peripheral 
arterial and hepatic venous concentrations total hepatic 
blood flow can be calculated. Numerous authors have 
studied the correlation of results of this technique with 
other methods in various types of liver dysfunction; 
these studies are described below in Discussion. The 
formula used to calculate total hepatic blood flow 
according to the description by Bradley? was: 


rate of infusion per min 


EHBF = (rate of plasma dye removal) 





0.01 (Arterial concentration- 
hepatic vein concentration) 
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Renal Blood Flow 


Renal blood flow was also calculated by the Fick 
principle. Arterial sampling was performed by cathe- 
terization of the radial or at times the brachial artery. 
The right renal vein was used consistently for renal 
venous sampling inasmuch as distal splenorenal venous 
reconstruction involves anastomosis of splenic vein to 
the left renal vein thereby rendering it inappropriate 
for postoperative renal venous sampling. 


Portal Venous Catheterization 


Direct access to the mainstem portal vein was at- 
tained in some patients by large bore umbilical vein 
cannulation. Subsequent luminal catheterization of this 
large bore cannula was performed one to three days 
later. Retrograde catheterization of the left portal 
vein and mainstem portal vein was then accomplished 
: on the day of testing in the cardiac catheterization lab- 
oratory. The inner catheter was positioned sufficiently 
proximal to allow observation of the transit of small 
radiopaque lipiodol droplets. The droplet motion was 
subsequently studied within the length of the mainstem 
portal vein, i.e., between the confluence of splenic and 
superior mesenteric veins and the bifurcation of the 
mainstem portal vein into left and right portal veins. 

In other patients in whom the umbilical vein was 
not readily accessible, and in the later phases of this 
study, access to the portal venous system was attained 
by catheterization of a peripheral jejunal mesenteric 
vein by direct cannulation at the time of the preshunt 
open liver biopsy. A number 6!^ thin walled Kifa® tub- 
ing with a tapered, smooth patent tip was introduced 
via the jejunal mesenteric vein directly into the proximal 
end of the mainstem portal vein. It was then carefully 
secured to the mesentery by serveral over-and-over 2-0 
chromic stitches incorporating a liberal mattressing of 
subserosa mesenteric adipose tissue. Particular atten- 
tion to hemostatis was given in view of the portal hyper- 
tension. The adipose mattressing allowed safe removal 
of the catheter at the completion of the portal hemo- 
dynamic study, usually 24-72 hours later. With the 
intravenous infusion discontinued, the catheter was 
removed in increments over 24—48 hours. There was 
no instance of hemorrhage from the site of catheter 
removal in any patient. No complications resulted from 
either the mesenteric or the umbilical approach to the 
portal vein. 


Portal Vein Flow Determination 


Anteroposterior and lateral biplane portography was 
performed to assess the diameters of the portal vein. 
Direct portography (50 ml of Renografin-60® injected 
at 15 ml/second with serial filming for 12 seconds) was 
performed in patients with indwelling umbilical portal 
catheters (16, 17 or 18 French Bardic), or with jejunal 
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catheters positioned in the mainstem portal vein. As- 
sessments of the portal vascular tree were made in- 
cluding the anatomy, patency and the presence or ab- 
sence or collaterals. The direction of blood was deter- 
mined. The roentgenographic appearance of the liver 
parenchyma and the hepatic veins was assessed. The 
position of the coronary vein was determined by 
portography and the tip of the catheter was positioned 
distal to the origin so that droplets would not enter 
these vessels. This precaution was taken to avoid flow 
of the droplets via portasystemic collaterals around 
the liver and thence into the pulmonary vasculature, 
Lipiodol (total approximately 0.25 ml) was slowly in- 
jected from a small syringe into the fine inner catheter 
to allow intraportal formation of small droplets meas- 
uring 1-3 mm in diameter. In patients having hepato- 
petal portal flow, these droplets were released from 
the tip of the catheter in the proximal (intestinal) end 
of the mainstem portal vein. The droplet motion within 
the portal vein was recorded on high speed anteropos- 
terior cineradiography at 60 frames per second. The 
patients were asked to breathe quietly and then to hold 
their breath for approximately 10 seconds as filming 
proceeded. In each studv, the motion of several drop- 
lets was analyzed. The droplet motion was recorded 
over an area of constant velocity for 6—10 frames of 
the cineradiogram. The average velocity of each in- 
dividual droplet was then averaged for several droplets. 
The portal flow was calculated by the multiplying cross- 
sectional area of the portal vein (determined from the 
two diameters from the biplane portogram) times the 
corrected velocity in centimeters per second. Whereas 
standard biplane portography may not visualize a 
“boundary” area (slow flow in the immediate proximity 
of the vein wall), this would be so small that any dif- 
ference between the true diameters of the portal vein 
and the diameter as demonstrated by portography 
would definitely be inconsequential. In our earlier 
data, a polynomial curve, derived from model experi- 
ments, which demonstrates relationship between the 
true blood velocity and the velocity of suspended drop- 
lets was used to correct droplet velocities.?" However, 
within the range of velocities of blood in the human 
portal vein, the size of droplets, and the portal vein 
diameter, these correction factors were so small as to 
be inconsequential and were therefore subsequently 
omitted." Preceeding our clinical investigational stud- 
ies with this method, extensive testing of the correla- 
tion between droplet motion and true mean linear 
velocity was carefully studied in the experimental lab- 
oratory; this will be described in detail in the discussion 
section. 


Clinical Course of Patients 


Our clinical follow-up of distal splenorenal and 
mesocaval shunts is not presented here because it has 


526 


REICHLE AND OWEN 


Ann. Surg. e October [979 


TABLE 1. Blood Flow Studies in Seven Patients Before and After Distal Splenorenal Shunt 














Portal Hepatic Renal Cardiac Output 
(ml/min) ( ml/min) (ml/min) (l/min) Child's 
- Classi- 
Pre Post Pre Post Pre Post Pre Post fication 
780 1767 — € 1692 2079 10.69 11.10 B 
247 0 742 917 a 1274 8.90 = C 
965 370 796 430 610 524 $.44 4.37 A 
728 150 3064 804 m 1237 3.10 7.35 B 
1131 1058 144? 2784 1340 944 3.31 7.3 C 
1189 1506 1699 1398 1487 1206 6.72 7.08 A 
1444 1442 1264 1324 1433 1146 9.53 7.84 A 
929 + 147* 899 + 271 1301 + 347 1310 + 337 1312 + 185 1201 + 176 7.38 x 0.87 7.54 + 0.85 
N.S. N.S. N.S. N.S. 


* Standard error. 


been reported.*® The correlation of the clinical results 
with hemodynamic data requires continued follow-up 
of those patients in whom the blood flow has been 
completed. 


Results 


Data from 14 patients who were extensively studied 
both pre- and postoperatively, and who underwent 
either distal splenorenal (seven patients) or mesocaval 
(seven patients) shunt are presented in Tables 1 and 2. 
Portal, hepatic and renal blood flow studies were con- 
ducted in addition to cardiac output determinations. 
There were no statistically significant differences be- 
tween groups with respect to preoperative parameters. 
Table 3 contains pre- and postoperative data from 
eleven patients who underwent mesocaval shunt. Indi- 
vidual preoperative values of hepatic blood flow, renal 
blood flow and cardiac output for all patients studied 
are listed in Table 4. 


Portal Vein Blood Flow 


Portal vein blood flow was not significantly affected 
by distal splenorenal shunt; the average flow being de- 


creased by only 30 ml/min from 929 to 899 ml/min. 
However portal vein blood flow following mesocaval 
shunt was significantly (p < 0.01) altered. A reversal 
of hepatopetal flow from an average of 772 ml/min to 
hepatofugal flow of 1021 ml/min was observed in six 
of seven patients, a difference of 1793 ml/min. In two 
patients (one from each group) during the postoperative 
study, Lipiodol droplets were observed to oscillate 
hepatopetally and heptofugally in complete synchrony 
with respiration. In these two patients, therefore, portal 
vein blood flow was recorded as zero. 


Hepatic Blood Flow 


Hepatic blood flow was not significantly affected by 
either procedure. Flow decreased by 13% (191 ml/min) 
following distal splenorenal shunt from an average pre- 
operative value of 1501 ml/min to 1310 ml/min post- 
operative. Similarly, following mesocaval shunt, hepatic 
blood flow decreased bv 11% (209 ml/min) from 1907 
to 1698 ml/min. 


Portal Vein Blood Flow 


There was no significant effect of portasystemic 
shunt on renal vein blood flow. Average flow decreased 


TABLE 2. Blood Flow Studies in Seven Patients Before and After Mesocaval Shunts 
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Portal Hepatic Renal Cardiac Output 
(ml/min) (ml/min) (ml/min) (l/min) Child's 
—— Classi- 
Pre Post Pre Post Pre Post Pre Post fication 
462 0 3098 1100 1875 1258 3.58 6.6 B 
1207 — 2330 1370 1244 1005 747 7.48 T3 B 
484 —473 1264 1248 870 951 3.69 5.9 B 
1260 — 1436 1093 880 788 789 5.30 10.0 B 
421 —287 3149 3301 718 995 6.32 8.4 B 
1328 —1521 2043 2417 1239 1310 5.66 9.4 A 
242 — 1101 1330 — 2274 _ 5.48 — C 
TZ € 177* -- 1021 + 310 1907 + 334 1698 + 388 1253 + 226 1037 + 122 5.36 + 0.82 797 + 0.65 
p < 0.01 N.S. N.S. p < 0.01 


RM e raaa 


* Standard error. 
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TABLE 3. Cardiac Output, Hepatic and Renal Blood Flow Studies Pre- and Postmesocaval Shunt 
Hepatic Renal Cardiac Output 
(ml/min) ( ml/min) (l/min) 
Pre Post Pre Post Pre Post 
3098 1100 1875 1258 3.58 6.66 
1370 1244 1005 747 7.48 1:94 
1264 1248 870 951 3.69 5.92 
1116 1294 1128 1056 8.38 7.4] 
903 1102 1068 1387 4.73 NAA 
3941 1996 1397 1457 8.66 8.45 
1093 880 788 759 5.30 10.97 
2575 1283 — — 7.60 9.22 
2043 2417 1239 1510 5.66 9.45 
3149 3301 718 995 6.32 8.40 
1263 1661 1006 2136 2.40 6.66 
Average 1983 + 315* 1593 217 1109 + 107 1226 + 133 5.80 + 0.63 7.73 + 0.46 
N.S. N.S. p < 0.05 


* Standard error. 





following both procedures. An 8.5% (111 ml/min) de- 
crease was observed after distal splenorenal shunt. 
Flow decreased from an average preoperative value 
of 1312 to 1201 ml/min. Renal vein blood flow decreased 
17% after mesocaval shunt from 1253 to 1037 ml/min. 


Cardiac Output 


Cardiac output was significantly (p < 0.01) increased 
following mesocaval shunt. However, this was not ob- 
served following the distal splenorenal shunt procedure 
(p « 0.9). Preoperative baseline cardiac outputs be- 
tween the groups were not significantly different (p 
« 0.1) even though the mesocaval group had a lower 
than average baseline of 5.36 l/min and the distal 
splenorenal group a slightly higher one of 7.38 l/min. 
The average cardiac output for all patients studied pre- 
operatively was 6.49 + 0.37 l/min. Individual deter- 
minations are presented in Table 4. Normal cardiac 
outputs for our institution range from a low of 4 l/min 
to a high of 8 l/min by either the dye dilution technique 
or the Fick method. 

Cardiac output increased 48.7% following mesocaval 
shunt from 5.36 + 0.52 to 7.97 + 0.65 l/min. After dis- 
tal splenorenal shunt cardiac output increased only 
2.2% from 7.38 + 0.87 to 7.54 + 0.85 l/min. Levi et al.” 
found the cardiac index significantly increased follow- 
ing distal splenorenal shunt. This apparent discrepancy 
may be clarified when a larger number of patients be- 
come available to study. 





Discussion 
The Clinical Problem 
Cirrhosis is reported to be the ninth leading cause 
of death among Americans of all ages, and the fourth 





TABLE 4. Preoperative Cardiac Output, Hepatic and Renal Blood 
Flow in Thirty-four Patients with Portal Hypertension 
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Hepatic Renal 
Blood Blood Cardiac 
Flow Flow Output 
( ml/min) (ml/min) (l/min) 
742 — 8.90 
1061 — — 
916 848 — 
1439 919 3.84 
3064 — 5.10 
1442 1340 5.31 
796 610 5,44 
1263 1006 2.40 
— — 4.00 
3098 1875 3.58 
1044 1622 10.42 
1370 1005 7.48 
2225 870 6.77 
1330 2274 5.48 
1264 890 3.69 
— 1350 7.28 
1116 1128 8.34 
1520 934 6.02 
903 1068 4.73 
1395 1068 4.90 
3941 1397 8.66 
ae 1692 10.69 
8486 1556 7:23 
1093 788 5.30 
2575 — 7.60 
1404 1386 FEL 
2043 1239 5.66 
1699 1487 6.72 
3149 718 6.32 
1264 1433 9.53 
2269 1770 6.20 
3459 1010 4.64 
3272 1509 5.27 
2546 1039 9.79 
Average 2045 + 268* 1236 + 73 6.49 + 0.37 


T —ÀM— 


* Standard error. 


528 


leading cause of death in those over the age of 40 years. 
During the past 15 years the death rate from cirrhosis 
is reported to have increased more than the death rate 
from any other disease. In cirrhosis destruction of the 
liver parenchyma and fibrosis lead to hepatic metabolic 
insufficiency. Obstruction to the inflow of the portal 
venous blood can also occur, resulting in portal venous 
hypertension with esophagogastric varices. Approxi- 
mately 30% of cirrhotic patients develop portal hyper- 
tension. Sudden, massive and frequently fatal, upper 
gastrointestinal hemorrhage from hypertensive esoph- 
agogastric varices is not an uncommon complication 
of portal hypertension. An estimated one-third of pa- 
tients with hepatic cirrhosis and portal hypertension 
hemorrhage from esophagogastric varices, and 50— 
75% die from initial hemorrhage. Once hemorrhage 
has occurred, rehemorrhage has been shown to be very 
common.?5: In this difficult clinical situation, the sur- 
geon must assess the patient and decide whether or 
not operative intervention with portal decompression 
is indicated and if so, which type of portasystemic 
venous reconstruction should be fashioned in order to 
lower portal venous hypertension preventing further 
variceal hemorrhage which is almost certain to re- 
currence if portal venous reconstruction is not per- 
formed. Specific clinical parameters such as presence 
or absence of hepatic coma, ascites, concomitant car- 
diac or pulmonary disease, and liver function studies 
are highly important factors in helping to determine 
which patients will benefit from portal decompression. 
These time honored factors also help in the preopera- 
tive prediction of postoperative morbidity and mortal- 
ity. However a persistent number of patients do not do 
as well as might be expected from the review of their 
clinical status and preoperative liver function study, 
and hepatic failure following portasystemic shunting 
may occur. 


The Role of Blood Flow and the Need for a Method 
of Portal Blood Flow Determination 


Considerable variation in the percentage of total liver 
blood flow which is diverted from the liver by porta- 
systemic shunt occurs depending upon the preoperative 
portal vein contribution to the total hepatic blood flow 
in each individual cirrhotic patient. Additionally, the 
type of portasystemic shunt performed greatly influ- 
ences the percentage of total liver blood flow which is 
diverted from the liver by a particular venous recon- 
structive procedure. It is reasonable to assume that 
hepatic failure may be avoided in some patients by 
preoperative knowledge of the quantity of blood 
flow, the percentage of total hepatic blood flow con- 
tributed by the portal vein, and the degree of porta- 
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systemic shunt; the importance of the hemodynamic 
evaluation of the hypertensive patient is apparent. 
The wide spectrum of hemodynamic patterns in 
cirrhotic patients was not generally appreciated in 
the past because of the lack of a safe and simple 
procedure to directly determine portal vein flow pre- 
operatively. Hemodynamic evaluation of the patient 
with cirrhosis and portal hypertension has not been 
available to the majority of practicing surgeons. The 
need for a method of direct preoperative determina- 
tion of portal flow has been repeatedly suggested 
in the surgical literature and has been expressed 
by Warren ‘‘. .. The fraction of total hepatic 
blood flow delivered through the portal vein is of 
great importance. Unfortunately, there is in clinical 
use at this time, no proven method for quantitat- 
ing portal vein flow to the liver.” 

Development of distal and selective shunts for 
decompression of gastroesophageal varices further 
indicate the potential importance of preoperative 
hemodynamic characterization of the patient with 
portal hypertension. The lack of hepatic failure, as 
evidenced by lower rate of encephalopathy’*® fol- 
lowing distal splenorenal shunt suggests the ad- 
visability of such selective shunts in patients whose 
preoperative hemodynamic evaluation indicates high 
hepatopetal blood flow with potentially increased 
chances of postshunt morbidity and mortality from 
liver failure which may be precipitated by sudden 
diversion of portal blood flow from the liver. 


Blood Flow Determination in the Human Portal Vein 
Using Particulate Contrast Medium 


Blood flow determination in the human portal vein 
by particulate contrast medium and cineradiographic 
technique has been performed in our institution for 
a number of years by collaboration between the De- 
partments of Surgery, Physiology and Cardiology in 
unanesthetized, unsedated patients.*'^? Earlier, exten- 
sive and detailed basic experimental data which con- 
firmed the reliability of this method for flow pat- 
tern analysis had been gained by experiments con- 
ducted.?*:5 

Earlier model experiments reported demonstrated 
excellent correlation between cylinder velocity and 
velocity of oily contrast droplets suspended in human 
blood under conditions of nonpulsatile flow.?? These 
model studies led the way for human application of 
the techniques used in our human portal vein flow 
studies. This relationship between true flow velocity 
and droplet velocity was observed in a column of 
moving human blood of a diameter similar to that of 
the human portal vein, and at widely varying velocities 
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as encountered in the human portal vein in health or 
disease (cirrhosis). In these model experiments, 
radiopaque oily droplets were of a diameter similar 
to that of droplets introduced into the portal vein 
during human portal flow analysis. Experimental 
assessment of intraportal Lipiodol injection was car- 
ried out.* A close correlation was observed between 
motions of liquid macrospheres suspended within the 
liquid and mean linear velocity.** Particulate contrast 
material (water-insoluble droplets) has been effectively 
used to study fluid motion under varying condi- 
tons.” 3! The rate of Lipiodol injection into the 
portal vein is important both in determination of 
the size of the Lipiodol droplets formed and in 
avoiding interference of the droplet motion by the 
force of manual injection. When slowly injected into 
flowing blood through a small bore polyethylene 
catheter (PC 160), Lipiodol forms droplets 1-3 mm in 
diameter. This is the range of droplet diameter at 
which correlation between droplet velocity and flow 
velocity was observed in model experiments per- 
formed under conditions encountered in the human 
portal vein. Thus basic experimental work has been 
performed and confirms the reliability of this method. 
The accuracy which these basic experiments indi- 
cated represents considerably greater accuracy than 
that which is required in our clinical protocol. 
Calculated portal vein blood flow was first deter- 
mined in patients who did not have hepatic cirrhosis. 
Droplet velocity and calculated portal flow was found 
to consistently decrease following exercise and in- 
crease in the postprandial period. Average portal 
flow in cirrhotic patients was less than average portal 
flow without hepatic cirrhosis and droplet velocity and 
portal flow varied less after exercise and in the post- 
prandial period in the patients with cirrhosis than in 
patients with normal livers.! As expected, portal 
venous blood flow varied greatly in individual cirrhotic 
patients illustrating the expected wide hemodynamic 
spectrum encountered in the human portal vein. 


The Spectrum of Hemodynamic Patterns in Cirrhosis 


There is presently evidence suggesting that portal 
hypertensive patients fall into a wide spectrum of portal 
venous flow patterns. There is general lack of agree- 
ment on the amount of blood flow that the portal vein 
contributes to the liver in the preoperative portal 
hypertensive patient,9792729.35.:353543. Cardiovascular 
alterations have been recognized in patients with ad- 
vanced liver disease. Increased cardiac output has 
been demonstrated in patients with hepatic cir- 
rhosis.!'?* Levi et al.” diminished peripheral oxygen 
extraction and increased cardiac output have suggested 
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the presence of arterial venous shunts in the systemic 
and pulmonary circulation.® Increased mortality was 
demonstrated in patients with a maximally altered 
hemodynamic pattern and associated high output car- 
diac failure. Further evidence of hemodynamic altera- 
tions in cirrhosis is provided by Womack and 
Peters"? who have for some time pointed to evidence 
for gastric and splenic arterial venous shunting. 


Significance of Portal Vein Blood Flow 


Portal venous blood flow has been generally con- 
sidered to be the most important hemodynamic param- 
eter in the preoperative evaluation of patients requir- 
ing portasystemic shunt.? However, portal vein flow 
determination has not previously been possible in the 
unanesthetized, unsedated human being. The potential 
importance of hemodynamic evaluation of patients 
with portal reconstruction has been emphasized in the 
recent surgical literature, ^!52525452755 McDermott et al. 
have shown the correlation between postoperative 
complications of portasystemic shunt and the pressure 
within the portal vein on either side of a portal vein 
clamp. Follow-up of emergency portacaval shunts by 
Orloff et al.” indicated no relationship between mean 
wedged hepatic vein pressure and survival. War- 
ren??? has reported the results of surgical management 
of patients with portal hypertension by preoperative 
hemodynamic characterization into various categories, 
based on the direction of portal vein flow on wedged 
hepatic venograms. The simplified thesis states that in 
patients with high portal blood flow sudden reduction 
of total hepatic blood supply by end-to-side porta- 
caval shunt would lead to postshunt liver failure. 
In these patients a more selective, distal shunt may 
be indicated. Patients with a low preoperative portal 
flow may tolerate complete diversion of portal blood 
from the liver by a large diameter mesocaval shunt 
without liver failure. However results of studies have 
not been consistent undoubtedly due in large part to the 
inavailability of appropriate direct methods for pre- 
and postshunt portal in unanesthetized patients 
and also because of the limitations in our current 
methods of total hepatic blood flow determination. 

The concept of Warren and colleagues that pa- 
tients who undergo sudden removal of a relatively 
large volume of portal blood flow from the liver may 
tolerate diversion of portal blood from the liver poorly 
and that patients who already have a marked reduc- 
tion in portal blood undergo portacaval shunt with 
minimal physiological disturbances has been studied 
by various indirect hemodynamic techniques. The 
controversy regarding the importance of preoperative 
and postoperative portal vein blood flow points up the 
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importance of a technique for accurate and direct 
determination of portal vein blood flow in unanes- 
thetized patients. Maillard and coworkers? found 
higher operative mortality in patients whose portal 
vein blood flow before portacaval shunt was over 800 
ml/min as measured operatively by electromagnetic 
flow meter. Other groups have not observed any 
difference in the response to portasystemic shunt 
in patients with high or low portal vein blood flow 
as determined operatively by electromagnetic blood 
flow determination.” There is evidence indicating that 
portal flow is significantly altered under general anes- 
thesia.” The number of patients who would have 
marked decrease in portal vein blood flow following 
portasystemic shunting is uncertain. Reversal of portal 
blood flow is assumed if the pressure build-up on the 
mesenteric side of a portal vein clamp does not occur. 
In this way it has been estimated that reversal of 
portal flow does. occur in a significant number of 
patients. Warren and Muller?? found reversal of portal 
flow to be suggested in three of seven patients with 
hepatic cirrhosis. Warren et al.°’ found evidence of 
reversal of portal blood flow by pressure measure- 
ment in six of 71 patients. Mikkelsen et al.” found 
evidence of reversal of portal flow in seven of 61 
patients and McDermott^* found reversal to occur in 
two of 100 patients. 


Other Methods of Portal Vein Blood Flow Determina- 
tions 


In view of the wide spectrum of hemodynamic pat- 
terns several other attempts at preoperative portal 
flow measurements have been devised. Stone et al.?! 
instilled labelled Xenon intraduodenally and assayed 
the concentration of Xenon in the portal vein (via 
umbilical vein catheter) and in the hepatic vein. 
Heut et al. compared indicator dilution curves 
for 51-Cr labelled red blood cells in portal vein and 
hepatic vein after injection of isotopically tagged red 
blood cells into the superior mesenteric artery. Stran- 
dell et al.” have calculated portal flow by infusing 
Xenon continuously into a peripheral portion of the 
portal vein adjacent to the liver. However, absolute 
flow measurements cannot be calculated by these 
techniques because of the potential loss of the indicator 
between the sites of injection and sampling, due to 
portasystemic collaterals in cirrhotic patients. Grosz- 
mann et al.'* compared the isotope dilution curves in 
the hepatic vein after injection of 1-131 serum albumin 
into hepatic artery, splenic artery and mesenteric 
artery. Using this technique a much higher incidence 
of portal shunting was found than suggested by other 
techniques. 
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Hepatic Artery Flow and Its Response to Portal 
Diversion 


An important and unknown consideration in the 
hemodynamic changes occurring in the liver following 
partial or complete diversion of portal blood from the 
liver is the response of the hepatic artery to venous 
shunting in patients with portal hypertension. By 
indirect techniques for hepatic artery flow the portal 
vein has been found to provide approximately V5 of 
the total hepatic blood flow to the liver.?'?? In 
patients with portal hypertension, direct electromag- 
netic flow meter measurement of hepatic arterial 
blood flow at the time of operation for portal hyper- 
tension have produced values ranging from 91 to 1,100 
ml/min (mean 4.4 ml/min).??*?*?? After portal vein 
clamping or portacaval shunt hepatic artery flow was 
found by these authors to increase an increment 
which varied greatly depending on the individual 
study. These changes average between 20 and 105% 
and a great variation of 0-100% was found from 
patient to patient. Further, Burchell et al. ob- 
served an apparent relationship between a marked 
increase in hepatic artery flow after side-to-side 
portacaval shunt and good prognosis postoperatively. 
Zimmon and Kessler suggested that in patients 
unable to increase hepatic artery flow in response to 
portal diversion the postoperative prognosis was not 
good. These observations suggest that hepatic arterial 
flow may respond to operative portal venous recon- 
struction in a compensatory fashion. The individual 
extent of hepatic arterial compensation may be one 
of the important factors in the enigma surrounding 
the individual response to portasystemic shunting. 
Thus although the preoperative portal venous blood 
flow and the effect of shunting specifically on portal 
venous blood flow is undoubtedly the most important 
single hemodynamic factor in patients with hepatic 
cirrhosis who require portasystemic venous decom- 
pression because of hemorrhage, the response of the 
hepatic artery may also be of great importance. 
Considerable evidence has been reported which indi- 
cates that hemodynamic factors do influence prog- 
nosis of the patient with hepatic cirrhosis. 


Techniques of Total Hepatic Blood Flow Determination 


At the present time there is still uncertainty re- 
garding the available techniques for blood flow deter- 
mination in normal and cirrhotic liver. Many tech- 
niques are used and these have been reviewed by 
Bradley et al." However, these techniques do have 
limitations. The importance of quantitative hemo- 
dynamic data is especially evident in portal hyper- 
tension inasmuch as the response to portasystemic 
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shunting is believed dependent on preoperative 
hepatic perfusion.” However difficulty in total hepatic 
blood flow determinations are encountered particularly 
in patients with hepatic cirrhosis. Generally three 
techniques are presently employed for hepatic blood 
flow determination. These include hepatic clearance 
of the substance from circulation, indictor-dilution 
methods, and direct measurements by some form of 
anatomic exposure of a given vessel. 

There are several clearance techniques presently 
avallable. The first of these was reported by Bradley 
et al. in 1945.? This method is based upon indirect 
Fick principle in which BSP dye is removed selec- 
tively by the hepatocytes from blood perfusing the 
liver. Total hepatic blood flow is calculated knowing 
the total amount of BSP removed by the liver per 
minute and the concentration of BSP entering and 
also leaving the liver. A similar principle is involved 
in the hepatic blood flow determinations including 
indocyanine green? and 1-131 rose bengal.'? Other 
clearance methods depending on hepatocyte uptake 
and metabolism employ ethanol?! and galactose.” 
These techniques rely on materials specifically re- 
moved from the circulation by the liver cell, and 
assume that the material is removed only by the liver 
cell, that a single hepatic vein sampling is represent- 
ative of the total hepatic venous efflux, that hepatic 
shunting does not exist, and the ability of the liver cell 
to clear a given compound is not affected by the 
presence of hepatic disease. Difficulties in these ampu- 
tations are related to the fact that some materials 
which are supposedly extracted solely by the liver are 
subject to varying amounts of extrahepatic removal.? 
These methods have the inherent disadvantage of 
assuming that peripheral blood samples have the same 
marker concentration as portal venous or hepatic 
arterial blood, and because of the small difference in 
concentration between peripheral arterial blood and 
hepatic venous blood, small technical errors make 
large variations in the calculated blood flow. These 
methods do not differentiate hepatic arterial from 
portal venous blood flow. Spontaneous extrahepatic 
portasystemic shunts do occur in cirrhosis. If this 
causes the concentration of the marker to be arti- 
ficially low in the hepatic vein there wili be under- 
estimation of hepatic flow if the marker is not lost in a 
concentration equal to that remaining in the portal 
vein. In addition, the hepatic extraction is usually 
markedly affected by the presence of hepatocellular 
disease.*? Therefore these techniques are subject to 
inherent error in patients with cirrhosis. A number of 
other methods are available but these have the same 


inherent problems in the patient with hepatic 
cirrhosis. !?:19:19.30,42.46,47,56 
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Blood flow can also be determined by direct electro- 
magnetic flow meters.* However, the effects of anes- 
thesia may effect such determinations and the opera- 
tive exposure limits the applicability of this technique. 
Attempts at thermodynamic evaluation of total hepatic 
blood flow were applied by Graf'® who found an 
almost linear relationship between thermal conduc- 
tivity and vascular perfusions when thermocouples 
were placed in the liver. Thus existing techniques 
for total hepatic blood flow may be especially 
difficult of interpretation in the patient with cirrhosis, 
which is precisely the clinical problem of particular 
hemodynamic importance. 


References 


I. Bradley, E. L.: Measurement of Hepatic Blood Flow in Man 
Surgery, 75:783. 1974. 

. Bradley, S. E.: Measurement of Hepatic Blood Flow Methods. 
Med. Res., 1:199, 1948. 

3. Bradley, S. E.. Inglefinger, F. J., Bradley, G. P. and Curry, 
J. S.: Estimation of Hepatic Blood Flow in Man. J. Clin. 
Invest., 24:890, 1945. 

4. Bradley, S. E., Ingelfinger, F. T., Bradley, G. P., et al: The 
Estimation of Hepatic Blood Flow and as a Test of Hepatic 
Function. Clin. Sci., 21:43, 1961. 

5. Burchell, A. R., Rousselot, L. M. and Panke, W. F.: A 
seven- Year Experience with End-to-Side Portacaval Shunt 
for Variceal Hemorrhage. Ann. Surg., 168:957, 1968, 

6. Caesar, J., Shaldon, S. and Sherlock, S.: The Use of Indo- 
cyanine Green in the Measurement of Hepatic Blood Flow 
as a Test for Hepatic Function. Clin. Sci., 21:43. 1961. 

. Callow, A. D., Lloyd, J. B., Ishthara, A., et al.: Interim 
Experiences with a Controlled Study of Prophylactic Porta- 
caval Shunt. Surgery, 57:123, 1965. 

8. Christie, J. H. and Chardhuri, T. K.: Measurement of Hepatic 
Blood Flow. Semin. Nucl. Med., 2:97, 1972. 

9. Cohn, J. N., Khatri, 1. M., Groszman, R. J. and Kotelanski, 
B.: Hepatic Blood Flow in Alcoholic Liver Disease Meas- 
ured by an Indicator Dilution Technique. Am. J. Med., 
53:704, 1972. 

10. Combes, B.: Estimation of Hepatic Blood Flow in Man and 
Dogs by 131-I Labeled Rose Bengal. J. Lab. Clin. Med., 
56:537, 1960. 

11. Del Guerico, L. F. M., Commaraswamy, R. P., Feins, N. R., 
et al: Pulmonary Arteriovenous Admixture and the Hyper- 
dynamic Cardiovascular State in Surgery for Portal Hyper- 
tension. Surgery, 56:57, 1964. 

12. Dobson, E. L. and Jones, H. B.: The Behavior of Intra- 
venously Injected Particulate Matter: Its Rate of Disappear- 
ance from t: e Blood Stream as a Measure of Liver Blood 
Flow. Acte, Aed. Scand., 144: Suppl. 273, 1972. 

13. Fellinger, K., Gissinger, E. and Vetter, H.: Der Stoffwechsel 
Fe59-Markierten Kolloidalen Eisen—Saccharates Beim 
Menschen in Fellinger, K., and Vetter, H. Editors: 
Radioaktive Isotope in Klinik und Forschung, Vol. H, 
Muenchen, 1956, Urban and Schwarzenberg, p. 13. 

14. Ferguson, D. J.: Hemodynamics in Surgery for Portal Hyper- 
tension. Ann. Surg., 158:383, 1967. 

15. Galambos, J. T., Warren, W. D., Rudman, D., et al.: Selec- 
tive and Total Shunts in the Treatment of Bleeding Varices. 
N. Engl. J. Med., 295:1089, 1976. 

16. Graf, W.: Patterns of Human Temperature. Acta Physiol. 
Scand. 46: Suppl. 160, 1959, 

17. Groszmann, R., Kotelanski, B., Cohn, J. W. and Khatri, I. M.: 
Quantitation of Portasystemic Shunting From the Splenic 
and Mesenteric Beds in Alcoholic Liver Disease. Am. J. 
Med., 53:715, 1972. 


ha 


- 


532 


18. 


20, 
245 


ee: 


23; 


30. 


31, 


32. 
33. 


34. 


35. 
36. 
37. 


38. 


Huet. P. M., Lavoie, P. and Viallet, A.: Simultaneous 
Estimation of Hepatic and Portal Blood Flows using Cr-51 
Labelled Red Cells Indicator Dilution Curves in Dogs, 
abstracted. Gastroenterology, 64:183, 1973. 


. Huet, P. M.. Lavoie, P. and Viallet, A.: Simultaneous Es- 


timation of Portal and Hepatic Blood Flows by an Indicator 
Dilution Technique. J. Lab. Clin.. 82:826, 1973. 

Kowalski, H. J. and Abelman, W. H.: The Cardiac Output 
at Rest in Laennec’s Cirrhosis. J. Clin. Invest, 32: 
1025, 1953, 

Levi, J. U., Zeppa, R., Hutson. D. G., et al: Early Hemo- 
dynamic Effects of the Distal Splenorenal Shunt. Surg. 
Forum, 27:370, 1976. 

Lynch, P. R.. Carter, B. L., Giminez, J. and Kirsch, R.: Vena 
Caval Flow Pattern in Cats: as Studied with High-Speed 
Cine-Fluorographic Technique. Am. J. Physiol., 199:1139, 
1960. 

Maillard, J. N., Benhamou, J. P. and Rueff, B.: Valeur 
pronostique de la mesure peroperatoire de debit porte dans 
|! hypertension tortale par cirrhose. /n Presses Universitaires 
de France, ted.): Congres Francais de Chirurgie, ed 68. 
Paris, Presses Universitaires de France, 1966, P 593, 


. McDermott, W. V., Jr.: Discussion of a Paper by Schenk, Mc- 


Donald, McDonald and Drapanas. Ann. Surg.. 156:469, 1962. 


. McDermott, W. V., Jr: Evaluation of the Hemodynamics of 


Portal Hypertension in the Selection of Patients for Shunt 
Surgery. Ann. Surg., 176:449, 1972. 


. Mikkelsen, W. P.: Therapeutic Portacaval Shunt. Preliminary 


Data on Controlled Trial and Morbid Effects of Acute Hyaline 
Necrosis. Arch. Surg., 108:303, 1974. 


. Mikkelsen, W. P., Turrill, F. L. and Pattison, A. C.: Porta- 


caval Shunt in Cirrhosis of the Liver: Clinical and Hemo- 
dynamic Aspects. Am. J. Surg., 104:204, 1962. 


. Moreno, A. H., Burchell, A. R., Rousselot, L. M.. et al.: Por- 


tal Blood Flow in Cirrhosis of the Liver. J. Clin. Invest., 
46:436, 1967. 


. Moreno, A. H., Rousselot, L. M., Panke, W. F. and Burke, 


M. L.: The Rate of Hepatic Blood Flow in Normal Subjects 
and in Patients with Portal Hypertension, Surg. Gynecol. 
Obstet. 111:443, 1960. 

Mundschenk, H., Hromes, A. and Fisher, J.: Phagocytic 
Activity of the Liver as a Measure of Hepatic Circula- 
tion. A Comparative Study Using 198-Au and 99m Tc-Sulfur 
Colloid. J. Nucl. Med.. 12:711, 1971. 

Mygind, T.: Contrast-Loaded Gelatin Spherules Preliminary 
Report on a New Particulate Radiographic Contrast Medium 
for Experimental Flow Pattern Studies. Radiology, 86:138, 
1966. 

Mygind, T.: Particulate Radiographic Contrast Material for 
Quantitative Representation of Blood-Flow Patterns. H 
Theoretical Considerations. Invest. Radiol., 1:27, 1971. 

Myers, J. D.: The Hepatic Blood Flow in Laennec's Cirrhosis, 
with an Estimate of the Relative Contributions from Portal 
Vein and Hepatic Artery. J. Clin. Invest., 29:836, 1950. 

Myers, J. D.: The Hepatic Blood Flow and Aplanchic 
Oxygen Consumption of Man — Their Estimation from Urea 
Production or Bromsulphalein Excretion During Catheteriza- 
tion of the Hepatic Veins. J. Clin. Invest., 26:1130, 
1947, 

Orloff, M. J., Duguay, L. R. and Kosta, L. D.: Criteria for 
Selection of Patients for Emergency Portacaval Shunt. Am. 
J. Surg., 134:146, 1977, 

Panke, W., F., Rousselot, L. M. and Burchell, A. R: A 16 
Year Experience with End-to-Side Portacaval Shunt for Vari- 
ceal Hemorrhage. Ann. Surg., 168:957, 1968. 

Price, J. B., Voorhees, A. B., Jr. and Britton, R. C.: Opera- 
tive Hemodynamic Studies in Portal Hypertension. Arch. 
Surg., 95:843, 1967, 

Redeker, A. G., Geller, H. M. and Reynolds, T. B.: Hepatic 
Wedge Pressure, Blood Flow, Vascular Resistance and Oxy- 
gen Consumption in Cirrhosis Before and After End-to-Side 
Portacaval Shunt. J. Clin. Invest., 37:606, 1958. 


REICHLE AND OWEN 


39, 


40. 


4l. 


43, 


44. 


46. 


47. 


48. 


49. 


50. 


IN 


54. 


25. 


56. 


97. 


. Stone, R. M., ten Hore, W., Effros, R.. 


Ann. Surg, e October 1979 


Reichle, F. A., Brigham, M. P., Tyson, R. R., et al.: Clinical 
Application of Operative Umbilical Vein Cannulation. Surg. 
Gynecol. Obstet. 133:39, 1971. 

Reichle, F. A., Fahmy, W. F. and Golsorkhi, M.: Prospective 
Comparative Clinical Trial and Distal Splenorenal and Meso- 
caval Shunt. Am. J. Surg., 137:13, 1979. 

Reichle, F. A., Sovak, M., Soulen, R. L. and Rosemond, G. P.: 
Portal Blood Flow Determination in the Unanesthetized Hu- 
man by Umbilicoportal Cannulation. J. Surg. Res., 12:146, 
1972. 


. Reichman, S., Davis, W. D.. Storaasli, J. P. and Gorlin, R.: 


Measurement of Hepatic Blood Flows by an Indicator Dilu- 
tion Technique. J. Clin. Invest.. 37: 1848, 1958. 

Restrepo, J. E.. Warren, W. D., Nolan, S. P. and Muller, W. H., 
Jr.: Radioactive Gold Technique for the Estimation of Liver 
Blood Flow: Normal Values and Technical Considerations. 
Surgery, 48:748, 1960. 

Roberts, R. J. and Plaa, G. L.: Measurement of Hepatic 
Blood Flow by a Thermodilution Method. J. Appl. Physiol., 
23:779, 1967. 


. Schenk, W. G., McDonald, J. C., McDonald, K. and Drapanas, 


T.: Direct Measurement of Hepatic Blood Flow in Surgical 
Patients, with Related Observations on Hepatic Flow 
Dynamics in Experimental Animals. Ann. Surg.. 156: 
463, 1962. 

Shaldon, S., Chiundussi, L., Guerara, L. et al.: The Estimation 
of Hepatic Blood Flow and Intrahepatic Shunted Blood Flow 
by Colloid Heat-Denatured Human Serum Albumin Labeled 
with 131-I. J. Clin. Invest. 40:83, 1972. 

Shizgal, H. M. and Goldstein, M. S.: Measurement of Portal 
and Total Hepatic Blood Flow by the Intestinal Xenon 
Technique. Surgery, 72:83, 1972. 

Sovak, M.. Oigaard, A., Kardek, T. and Dabb, R.: Radiologic 
Assessment of Portal Vein Blood Flow: Description of 
Method and Application. Invest. Radiol., 6:146, 1971. 

Sovak, M., Soulen, R. L. and Reichle, F. A.: Blood Flow 
in the Human Portal Vein: A Cineradiographic Method 
Using Particulate Contrast Medium. Radiology, 99:531, 1971. 

Sovak, M., Ziskin, M. C., Oigaard, A. and Mygind, T.: Lipiodal 
Droplets in Cineradiographic Quantitation of Pulsatile and 
Non-pulsatile Blood Flow. Invest. Radiol., 6:141, 1971. 

et al.: Portal 

Venous Blood Flow: Its Estimation and Significance. Ab- 

stracted. Gastroenterology, 62:186, 1972. 


. Strandell, R., Erwald, R., Kulling, K. G., et al.: Simultaneous 


Determinations of Portal Vein and Hepatic Artery Blood 
Flow by Indicator Dilution Technique in Awake Man. Acta 
Med. Scand., 191:139, 1972. 

Tygstrup, N. and Winkler, K.: Galactose Blood Clearance 
as a Measure of Hepatic Blood Flow. Clin. Sci., 17:1, 
1958. 

Tygstrup, N., Winkler, K., Mellemgaard, K. and Andreassen, 
M.: Determination of the Hepatic Arterial Flow and Oxygen 
Supply in Man by Clamping the Hepatic Artery During 
Surgery. J. Clin. Invest., 41:447, 1962. 

Ueda, H., Unuma, T. lio, M. and Kameda, H.: Measure- 
ment of Hepatic Arterial and Portal Blood Flow and 
Circulation Time via Hepatic Artery and Portal Vein with 
Radioisotope. Jap. Heart. J., 3:154, 1962. 

Vetter, H., Falkner, R. and Neumayr, A.: The Disappearance 
Rate of Colloidal Radiogold from the Circulation and its 
Application to the Estimation of Liver Blood Flow in Normal 
and Cirrhotic Subjects. J. Clin. Invest., 33:1594, 1954. 

Warren, W. D., Forman, J. J., Viamonte, M., et al.: Spon- 
taneous Reversal of Portal Blood Flow in Cirrhosis. Surg. 
Gynecol. Obstet., 126:315, 1968. 


. Warren, W. D. and Muller, W. H.: A Clarification of Some 


Hemodynamic Changes in Cirrhosis and Their Significance. 
Ann. Surg., 150:413, 1959, 


. Warren, W. D., Forman, J. J. and Zeppa, R.: Further Evalua- 


tion of Selective Decompression of Varices by Distal Spleno- 
renal Shunt. Ann. Surg., 169:652, 1969. 











Vol. 190 «& No. 4 


60. Warren, W. D., Restrepo, J. E., Respess, J. C. and Muller, 
W. H.: The Importance of Hemodynamic Studies in 
Management of Portal Hypertension. Ann. Surg., 158: 
387, 1963. 


61. Winkler, K., Larsen, J. A., Munkner, T. and Tygstrup. N.: 
Determination of the Hepatic Blood Flow in Man by Simul- 
taneous Use of Five Test Substances Measured in Two 


CIRRHOSIS PATTERNS 


533 


Parts of the Liver. Scand. J. Clin. Lab. Invest., 17:423, 
1965. 

62. Womack, N. A. and Peters, R. M.: An Investigation of the 
Relationship Between Portal Venous Pressure and Inferior 
Vena Caval and Portal Venous Oxygen Saturations. Ann. 
Surg., 146:691, 1957. 

63. Zimmon, D. S. and Kessler, R. E.: Regulation of Portal 
Pressure in Man, Abstracted. Gastroenterology 60:169, 1971. 





DISCUSSION 


Dr. Louis R. M. DeL Guercio (Valhalla, New York): I am familiar 
with the Lipiodol droplet technique that Dr. Reichle has developed. 
I think his paper points out a number of important factors in the 
current management of portal hypertension. 

We see that his patients primarily manifested the hyperdynamic 
cardiovascular state preoperatively. Our findings have shown that 
these are the patients who are most likely to demonstrate large 
elements of forward-flow portal hypertension; that is, increased 
splanchnic blood flow markedly contributing to the portal hyper- 
tension related to increased inflow, not so much outflow reduction 
through the liver, although that is certainly present in these patients. 

I think one of the things that has to be considered here is that, 
instead of comparing the results of flow in the Warren distal spleno- 
renal shunt with the caval-mesenteric type, I think it should only 
be fair to compare continued portal flow postshunt with the Linton 
central splenorenal shunt. We have been using the Linton shunt 
electively now for a number of years and have been able to show 
by similar angiographic studies that there is continued portal flow. 
even though we have, in effect, a side-to-side shunt. This is a much 
smaller shunt, and it is quite far from superior mesenteric and 
portal flow. 

The other interesting feature here is, of course, that a Warren 
shunt is in a way an ablative type of procedure as well. We are 
reducing the splenic flow. It no longer is going into the portal flow, 
just as was done with splenic artery ligation. We now are doing 
splenic artery ligation in certain selected patients in whom we can 
demonstrate that there is a major contribution to total portal flow 
by splenic arterial flow. These were the types of cases that were 
originally described by Berman, Dumont and Stahl, in which there 
were marked reductions of portal hypertension when splenic flow 
was reduced. 

It would be most interesting to do Dr. Reichle's type of study 
in postsplenic artery ligation to demonstrate redistribution of flow. 
In fact, when one does angiography, one can demonstrate similar 
redistributions of blood flow analogous to that seen in the Warren 
distal splenorenal shunt. 


DR. JERE W. Lonp, Jr. (New York, New York): Dr. Reichle and 
Dr. Owen have demonstrated conclusively that the distal splenorenal 
shunt of Warren and his associates encourages blood to flow through 
the portal vein to the liver. That such flow in the cirrhotic patient 
with large esophageal/gastric varices is substantially less than normal 
has been repeatedly demonstrated by others. The multiple collateral 
pathways which develop to return mesenteric blood to the heart 
attest to this fact. In spite of this, most surgeons agree with Warren 
that prograde flow through the portal vein following a mesocaval 
shunt is clearcut evidence that the shunt has closed. 

Recently we studied a patient who proved to be an exception. 
A 64-year-old man with cirrhosis was operated on August 9, 1973 
for intractable ascites with large esophageal varices. An 18 mm 
woven Teflon prosthesis was placed as an H-graft between the 
inferior vena cava and the superior mesenteric vein. His preopera- 
tive weight was 142 Ibs, and his postoperative, dry weight was 116 
lbs. The preoperative albumin level was 1.3 g/dl and his serum 
bilirubin level was 2.8 mg/dl. He was clearly a Child's Group Ill. 

During the past 51⁄2 years he had been free from ascites, gained 
to 166 lbs, and experienced no symptoms or signs of encephalopathy. 


At age 70 he was again admitted to the Cabrini Medical Center 
for the management of acute sigmoidal diverticulitis, which came 
under control medically. At this time, we took the opportunity of 
studying him by angiography. The serum albumin level was 4:4 g, 
the serum bilirubin 0.6 mg. the hematocrit 45, and all other standard 
liver function tests were within normal limits. Esophagram was again 
negative for varices. 

While the patient was in the hospital, angiographic studies were 
performed, and (slide) this slide shows that injection into the celiac 
axis is clearly evident, as Dr. Warren pointed out in Annals of 
Surgery, as probably pseudoflow through the portal vein. I do not 
intend to argue about this slide. 

(slide) On your left, the angiographic study shows arterial flow 
into the superior mesenteric artery, and on your right is the venous 
phase; our angiographer says that this is the site of the shunt, and 
this is the inferior vena cava. This is an oblique film and here is 
the portal vein, with blood (dye) going up the portal vein towards 
the liver. My second slide represents only two of this series of 16 
films which show clearly the progression of dye through the superior 
mesenteric artery and through the shunt with simultaneous flow 
up the inferior vena cava and also up the portal vein to the liver. 
This case may be a trifle hard for Dr. Warren to digest. 

One question, Dr. Reichle: Have any of your patients studied 
by the Lipiodol droplet technique exhibited hepatopedal flow through 
the portal vein following a mesocaval shunt which has been proved 
to be patent? 


DR. W. DEAN WARREN (Atlanta, Georgia): Dr. Reichle probably 
is not aware of this, but there recently have been two studies indicat- 
ing sustained perfusion of the liver after the distal splenorenal shunt. 
One is from Professor L. H. Blumgart, who, I am told, has recently 
moved to Hammersmith. He used krypton clearances prior to and 
after a distal splenorenal shunt and confirmed the findings that Dr. 
Reichle has presented today. In addition to that, we now have a 
gamma scintillation camera with an integrated nuclear medicine 
computer which will give some sort of ratio of hepatic arterv to 
portal venous flow. Although this is not yet calibrated, we have 
now operated upon several patients and have found that the patient 
with a total shunt had no evidence of venous flow after the arterial 
phase, whereas the patients with selective splenorenal shunts do. 

Of great interest to us recently have been patients with portal 
vein thrombosis. I believe it was in 1974 that Voorhees et al. pre- 
sented their classic study on patients with extrahepatic vein throm- 
bosis and the psychologic and neurologic effects of total portal di- 
version. At that time, one of my associates, Dr. Atef Salam, asked 
if Voorhees would consider a distal shunt with a thrombosed 
portal vein; the answer was that he would not, since there was 
no significant portal venous flow to the liver. 

(slide) In this slide is shown the superior mesenteric angiogram 
of a patient who was operated upon with the Linton type splenorenal 
shunt in her midteens. As you can see, it has remained widely patent 
and there is no discernible portal flow through the liver. All of the 
flow demonstrated passes through the shunt, into the renal vein, 
and up the vena cava. Twenty years later, she is now an encephalo- 
pathic cripple, can function only on the most rigidly restricted 
protein diet, and is now being studied for possible ways of coping 
with her severe encephalopathy. 

(slide) This is another patient in whom a thrombosed portal vein 
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has been diagnosed and the preoperative superior mesenteric angio- 
gram reveals so-called cavernous transformation of the portal vein. 
Until recently we did not consider there to be a significant amount 
of hepatic flow, nor have others. In 1893 Pavlov, in what is probably 
the most brilhant paper ever written on the subject of portal hyper- 
tension, found that even small amounts of hepatic portal flow allowed 
Eck fistula dogs to survive in good health. The largest shunt diameter 
which he found would sustain liver perfusion by portal venous flow 
by collaterals was, | believe, 3 mm. If the shunt were larger than 
that, it would then drain into the vena cava, and a classic portaprival 
syndrome would develop. 

(slide) This is the preoperative angiogram in a young boy with 
portal vein thrombosis. There does not appear to be much hepatic 
perfusion. 

(slide) Here is the postoperative distal splenorenal shunt shown 
to be patent and clearly decompressing the left upper quadrant. 

(slide) Here is the postoperative superior mesenteric angiogram. 
One can clearly see real perfusion of the liver paranchyma. In our 
studies with technetium, we have made the estimate that portal flow 
is just under 20% of the total hepatic blood flow, but do not know 
at this point how accurate the technique is. However, the angiogram 
alone indicates the blood flow to the liver is certainly no worse, 
and it appears to be much better than preoperatively, and we believe 
that this is important in patients with portal vein thrombosis. as 
well as in cirrhosis. 

Dr. Reichle has clearly shown with his presentation the continued 
portal perfusion after the selective splenorenal shunt in the cirrhotic 
patient. I simply want to remind you in the audience who do this 
type of operation that when you see a child of eight vears of age 
and are planning to do a total shunt procedure, even though enceph- 
alopathy may be 20 years away, the patient would still be only 28 
years of age: eventual encephalopathy may be the price of total 
shunt procedures. 
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Dn. FREDERICK A. REICHLE (Closing discussion): It would be of 
considerable interest to have the opportunity of studying some of the 
patients Dr. Del Guercio has described; that is, those patients in 
whom a large amount of splenic blood flows into the portal system to 
see what, in fact, would occur on measurements of portal blood flow 
in patients of this type. Dr. Del Guercio has been able to segregate 
patients in whom the splenic fow is high from those that do not have 
this type of hemodynamic situation. 

There was one patient of the seven, as we have described, Dr. 
Lord, in whom there was zero blood flow; that is, the droplets 
vacillated to and fro within the portal vein in synchrony with respira- 
tion. The other six patients whom we studied by this direct method 
had a considerable hepatofugal blood flow after mesocaval shunt. As 
larger numbers of patients become available to study, I do think we 
will eventually realize all types of hemodynamic patterns in patients 
with hepatic cirrhosis because there is such a wide spectrum of portal 
hemodynamic patterns present even before portasystemic shunt, as 
well as afterward. This wide variation in portal hemodynamics is 
observed in patients with equivalent pressures and the same Child 
classifications. | expect that at some time we probably will see 
patients in whom hepatopetal blood flow occurs after mesocaval 
shunts, but we have not yet. This will be expected, at the most, in only 
the minority of patients, based on our current experience. 

Dr. Warren, it will be interesting to see what type of correlation 
exists between the baseline preoperative and postoperative 
hemodynamic profile and the subsequent clinical course, over the 
next several years. The basic question, now that the hemodynamic 
profiles have been established, is what and how this correlates over 
the long period of time with the clinical course in our own series. Over 
the course of the next several years, we hope to have the opportunity 


for practical information applicable to the patient with this serious 
health problem. 
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A computer analysis of post renal transplantation gastro- 
intestinal problems was performed to identify important asso- 
ciated clinical factors. Thirty-seven per cent of all transplant 
recipients developed one or more significant problems. Hemor- 
rhage, nondiverticular intestinal perforation, and esophagitis 
occurred most frequently in hospitalized patients. Pancreatitis, 


. diverticulitis, and gastroduodenal perforation occurred char- 
 acteristically in long-term survivors with well functioning 
. allografts. Eleven of 32 HLA identical recipients treated with 


maintenance corticosteroids during stable kidney function de- 
veloped gastrointestinal disease while only one of 13 HLA iden- 
tical recipients not given maintenance steroids developed a 
problem, which stronglv suggests a causal role for steroids in 
the development of late complications. The association of pre- 
existing peptic ulcer and diverticular disease with hemorrhage 
and perforation supports previous recommendations that docu- 
mented peptic ulcer disease or diverticulitis should be cor- 
rected surgically prior to transplantation. 


ECAUSE GASTROINTESTINAL DISEASE causes sub- 
B stantial mortality and morbidity among renal 
transplant recipients, identification of patients at risk 
for developing particular problems is important. Pre- 
existing disease, uremia, and immunosuppression un- 
doubtedly contribute to gastrointestinal complications 
following transplantation, but gastrointestinal disease 
also develops in the absence of antecedent symptoms 
and at unexpected times during otherwise successful 
care of the renal transplant recipient. Successful 
management of the problem, whenever it occurs, often 
depends upon early recognition of the cause and 
prompt, appropriate therapy. Therefore, a more com- 
plete knowledge of the clinical settings in which the 
various alimentary tract problems are likely to occur 
would be helpful. In this report we analyzed the rela- 
tive incidences of major gastrointestinal problems after 
transplantation with particular attention to identifica- 
tion of associated clinical features. 
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Methods 


The medical records of the renal transplant re- 
cipients at Duke University Medical Center and the 
Durham Veterans Administration Hospital were re- 
viewed, and surviving patients were interviewed. Pa- 
tients with gastiointestinal problems excluding liver 
disease that developed after transplantation and be- 
fore renal allograft nephrectomy were included in the 
study. Diagnostic evaluation included endoscopic, 
radiologic, bacteriologic and other studies as indicated, 
and original laboratory records were reviewed. In- 
formation relevant to the course and management of 
each complication was investigated by computer analy- 
sis. Frequencies and cross-correlations were obtained 
directly from the computer and checked manually 
against data sheets. Statistical tests were applied only 
when appropriate control groups were identified. Chi- 
square, Fisher exact probability, or unpaired tests were 
used,???* and p values less than 0.05 considered 
significant. 


Patient Population 


From January, 1965 to March, 1978, 343 patients 
received 367 renal allografts. Fifty-six per cent of the 
kidneys originated from cadaveric donors and 44% 
from living related donors of which 34% were pro- 
spectively determined to be HLA-identical. Three- 
fourths of the recipients were male and 25% female. 
All patients were treated with standard immunosup- 
pressive drugs consisting of azathioprine and/or 
cyclophosphamide and corticosteroids, and rejection 
episodes were treated by high dose intravenous steroids 
and local irradiation when necessary. After 1967, half 
the cadaveric and living related, HLA haploidentical 
recipients received additionally antithymocyte globulin 
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Bleeding 81 
upper 64 
lower i7 

Perforation 24 

Esophagitis 24 

Pancreaticobiliary 14 

Miscellaneous 25 
peptic ulcer disease without bleeding 5 
abdominal abscess 2 
appendicitis 2 
bowel obstruction 2 
inguinal herma 2 
incisional hernia 2 
septic emboli to intestine 2 
colitis 2 
gastroenteritis I 
vascular dissection after arteriography l 
strongyloidiasis I 
rectal moniliasis 1 
reticulum cell sarcoma of small bowel | 
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(ATG), according to the protocol of a randomized, 
controlled study. HL. A-identical recipients never re- 
ceived ATG, but were treated by the other immuno- 
suppressive drugs. A group of 13 HLA identical pa- 
tients who have been followed for three to 13 years, 
never received steroids except for treatment of acute 
rejection episodes. Patient and allograft survival has 
paralleled the experience of other major transplant 
centers and has been reported in part previously .?9??! 


Results 
Incidence 
Overall, 141 patients, 41% of the above evaluated 


population, developed one or more gastrointestinal 
problems after transplantation (Table 1). Twenty-five 
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patients developed more than one problem resulting 
in a total of 168 complications. One hundred twenty- 
seven patients, 37% of all recipients, had one or more 
clinically significant problems. Gastrointestinal hemor- 
rhage was most frequent, accounting for 48% of the 
complications. Perforation, esophagitis, and pan- 
creaticobiliary disease were the other major categories. 
Nearly 20% comprised a group of miscellaneous prob- 
lems that included gastritis or ulcer disease without 
hemorrhage, widespread infection or malignancy with 
incidental bowel involvement, herniae, appendicitis, 
bowel obstruction, and unusual problems such as 
strongyloidiasis and rectal moniliasis. 

Forty per cent of cadaveric recipients developed 
gastrointestinal complications, which accounted for 92 
of the 168 problems. Thirty-eight per cent of living 
related, HL A-haploidentical recipients and 29% of 
HLA-identical recipients had 57 and 19 problems re- 
spectively. Forty-eight per cent of patients on the ATG 
protocol who developed gastrointestinal problems re- 
ceived ATG and 52% did not. Fifteen of 43 HLA 
identical recipients who received maintenance steroids 
developed gastrointestinal problems. Only one of 13 
HLA identical recipients who did not receive steroids 
developed gastrointestinal disease. 


Chronological Distribution 


Most of the gastrointestinal complications occurred 
after 1969, when the transplantation experience in- 
creased sharply (Fig. 1A). The number of patients 
with gastrointestinal disease per year has declined 
slightly from 1970 to 1977 despite a small, general in- 
crease in the number of allograft procedures performed 
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Fic. 1b. Number of gastrointestinal complications versus year of 
transplantation. 
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during that period (Figs. 1A and B). This decline in 
gastrointestinal complications is also evident when the 
number of patients is depicted against the year the 
difficulty was detected (Fig. 1C). An increasing num- 
ber of late developing complications in long-term sur- 
vivors is apparent from comparison of the slopes of 
Figures 1B and 1C. Approximately one-quarter of the 
gastrointestinal problems occurred greater than one 
year following transplantation. Within the major 
categories of posttransplantation problems, the only 
notable decline has been in gastrointestinal perfora- 
tions, from 14 during 1970- 1973 to seven during 1974~ 
1978, which reflects a decrease in postoperative 
perforations; eight of the 14 perforations from 1970 
to 1973 occurred prior to hospital discharge after the 
transplantation procedure, whereas six of the seven 
perforations in the past four years have been in patients 
who had been discharged and had a functioning allo- 


» graft for more than six months. 


Perforations 


Twenty-four patients had gastrointestinal perfora- 
tions, which were distributed anatomically as follows: 
six stomach or duodenum, four remainder of small 
intestine, and 14 colon or rectum (Fig. 2). Abdominal 
pain, of variable severity and character, was a prom- 
inent symptom in all 24 patients. Peak preoperative 
temperature was greater than 37.5? in 18, and a white 
blood cell count greater than 11,000 occurred in 14. 
However, in 15 of the 24 patients a diagnosis was not 
made until greater than 24 hours after the onset of 
symptoms. Diagnosis was established in 22 by plain or 
contrast roentgenographic examinations, in one patient 
at surgery, and in the other patient at autopsy. The 
overall mortality was 75% in this group. There was no 
apparent correlation between gastrointestinal perfora- 
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Fic. 2. Distribution of gastrointestinal perforations. 


tions and age, sex, prior surgery, original renal disease, 
pretransplant peritoneal dialysis, the use of either pre- 
or postoperative steroids, azathioprine, radiation, 
or ATG. 

Small intestine and colon. Probable etiologies were 
determined for 15 of the 18 perforations that did not 
involve the stomach or duodenum. Three cases were 
clearly iatrogenic; one occurred after an overly vig- 
orous Kayexolate enema for control of hyperkalemia, 
another from a percutaneous peritoneal dialysis trocar 
insertion, and a third in association with tube feeding 
a desperately ill patient. One perforation developed 
after impaction of the right colon, and another was 
caused by a closed loop obstruction. Five perfora- 
tions occurred in juxtaposition to perinephric abscess 
cavities, and in each of these the abscess appeared 
to have eroded through bowel. Five patients had 
coincident diverticular disease, and in three of these 
cases the perforation was demonstrated pathologically 
to be through a diverticulum. Details of the clinical 
course and autopsy of an additional patient who had a 


———————————— C LOTTE NT ann mannaaa e ey sc Oe rd 





Number of 
Patients Died 

Donor type 

HLA-identical 6 0 

haploidential 16 4 

cadaveric 42 is 
Kidney function 

rejection 21 10 

within two weeks of rejection 6 2 

malfunction, other cause 12 4 

stable, adequate renal function 25 3 
Source 

discrete gastric ulcer H1 6 

discrete duodenal ulcer 14 8 

multiple superficial gastric ulcers 20 2 

ather 8 2 

not determined 1] l 


colon perforation at an outside hospital were not avail- 
able for review. 

Diverticular perforations. All five perforations in pa- 
tients with diverticular disease occurred long after the 
transplantation procedure, mean day post transplanta- 
tion ( X SEM) being 892 + 317. Three patients died from 
their perforations. Another patient perforated into the 
mesentery and was treated successfully with a three- 
staged resection procedure. The fifth developed a 
colovesical fistula, which was resected without 
further problem. 

Nondiverticular perforations. Mean posttransplant 
day when these perforations of the distal small bowel, 
colon, and rectum occurred was 49 + 16. This was sig- 
nificantly less than either diverticular or stomach and 
duodenal perforations. Mortality was 85%. One sur- 
vivor's initial problem was a colocutaneous fistula 
which closed with conservative therapy. The other 
survivor had a free intraperitoneal perforation which 
was treated with the exteriorization of the bowel 
and extensive peritoneal irrigation. 

Stomach or duodenum. Mean posttransplant day of 
occurrence of these perforations was 674 + 434. 
Mortality was 67%; one of the survivors perforated 
his duodenum, the other his stomach. 


Hemorrhage 


Upper Gl tract. The source of upper gastrointestinal 
bleeding was found in 53 of 64 patients: multiple 
superficial gastric erosions in 20 patients, 14 duodenal 
ulcer, 11 gastric ulcer, and eight from other sources. 
In addition, two of the patients with duodenal ulcer 
hemorrhages had experienced previous bleeding 
episodes from multiple superficial gastric ulcerations. 
Hemorrhage from all sources occurred at variable times 
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after transplantation. Hemorrhage from each of the 
three principal sources, analyzed separately, did not 
occur at significantly different times after transplanta- 
tion nor was any source associated with stable or un- 
stable renal function. However, 61% of all cases oc- 
curred during unstable kidney function (deterioration 
in creatinine clearance); 21 (33%) with rejection, six 
(9%) within two weeks of a rejection episode, and 12 
(19%) with renal malfunction from technical problems 
or undetermined factors. Despite the association with 
unstable renal function, neither occurrence nor 
severity of hemorrhage could be positively correlated 
with dosage of steroids, number of pulses of steroids 
during rejection episodes. time interval between last 
pulse of steroids and onset of bleeding, radiation. 
azathioprine or ATG. Eleven of 14 recipients with 
peptic ulcer disease documented prior to transplanta- 
tion had at least one bleeding episode following trans- 
plantation; eight of these occurred greater than six 
months after transplantation. Recipients of cadaveric 
allografts bled nearly twice as often as recipients of 
living, related allografts (Table 2). 

Initial detection of bleeding was by gross or occult 
blood from the rectum in 30 patients and by hemateme- 
sis or guaiac positive nasogastric aspirates in 34 of the 
64 patients. Bleeding was suspected prior to documen- 
tation in ten patients with hematocrit decreases and two 
patients with sudden hypovolemia. Peptic ulcer disease 
had been unsuspected in one recipient in good health 
for four years who, while unattended at home, ex- 
sanguinated from a duodenal ulcer. Twenty-four pa- 
tients (41%) had severe bleeding episodes, i.e.. re- 
quired four or more units of blood, 19 (30°) required 
less than four units, and 17 of the 64 patients (27°) 
received no blood transfusion. Twelve patients under- 
went surgery to stop hemorrhage, and four patients 
received peripheral or selective vasopressin. Severity 
of bleeding was independent of the mode of initial 
recognition of the bleeding, i.e., hematemesis, passage 
of gross blood per rectum, or detection of occult blood 
in stool. 

Upper gastrointestinal bleeding was associated with 
a 29% mortality. Fourteen patients died as a direct 
consequence of blood loss, and-five died of other 
principal causes. Survival was significantly better for 
patients with multiple superficial gastric erosions, 
stable kidney function or allografts from HL A-identical, 
living related donors (Table 2). 

Lower GI tract. Various sources were determined 
for 13 of 17 patients with lower gastrointestinal bleed- 
ing: hemorrhoids in six patients, two with pseudo- 
membranous colitis, extensive submucosal colonic 
hemorrhage in two, cecal ulcer in two, cecal polyp in 
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one patient. The other four patients developed hema- 
tochezia; however, no source from the upper or lower 
gastrointestinal tract of these patients was ever found. 
Esophagitis. Twenty-four patients has esophagitis: 
11 monilia, seven reflux, one herpes simplex, and five 
undetermined etiology. Twenty of the 24 cases were 
diagnosed by endoscopy, barium roentgenograms, and 
bacteriologic studies, while four severe cases which 
had produced minor symptoms were found at autopsy. 
Eighteen patients were hospitalized: nine for treat- 
ment of rejection and nine for other medical problems. 
All nine patients whose esophagitis occurred during 
or shortly after a period of rejection had received 
more than four pulses of steroid therapy for that re- 
jection episode. Seventeen of the 24 patients had con- 
current, clinically manifest ulcerations of the stomach 
or duodenum. No deaths occurred as a direct con- 
sequence of the esophagitis, but nine (38%) patients 
died of other causes during that hospitalization. 
Seven of the 11 patients with monilia esophagitis 
complained of severe retrosternal pain with swallow- 
ing, and each had characteristic barium roentgeno- 
grams (Fig. 3). Candida was cultured from both 
esophagus and a gastric or duodenal ulcer in four of 
the 11 patients. A fifth patient perforated a gastric ulcer 
and candida was cultured from his peritoneal cavity. 
Pancreaticobiliary. Nine patients had pancreatitis 
and five developed other pancreatic or biliary prob- 


Fic. 3. Barium esophagogram 
of transplant patient with 
monilial esophagitis. Note ir- 
regular borders of esophagus 
on cone down film (arrows). 
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Fic. 4a. Distribution of pancreaticobiliary complications according 
to age of patient. 


lems. In general, patients with pancreatic or biliary 
complications represented an older age group (Fig. 4A) 
than the total group of patients with gastrointestinal 
problems (Fig. 4B). 

Six patients had clinically evident acute pancreatitis. 
Each case occurred at least four months following 
transplantation during stable and adequate renal 
function. Three of the six patients died from the pan- 
creatitis. One of the three survivors had a history of 
alcohol abuse and pancreatitis documented prior to 
renal transplantation, and five months after trans- 
plantation he developed pancreatitis complicated by a 
pancreatic pseudocyst (Fig. 5), which was treated sur- 
gically by cystduodenostomy. Three patients had 
clinically insignificant autopsy findings of pancreatitis. 

Two patients had acute calculus cholecystitis, one 
chronic calculus cholecystitis, one salmonella cho- 
lecystitis, and one pancreatic ascites. One of the two 
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Fic. 4b. Distribution of all gastrointestinal complications according 
to age of patient. 





Fic. 5. CT scan of pancreatic pseudocyst in transplant recipient. 


patients with acute cholecystitis had beryllium gall- 
stones, which obstructed the cystic duct and caused 
rupture of the gallbladder. He underwent emergency 
cholecystectomy three years after transplantation and 
survived. Interestingly, the etiology of his renal fail- 
ure had been chronic berylliosis. 


Discussion 


The incidence of gastrointestinal disease after 
renal transplantation and the associated mortality are 
clearly high. Previous studies have described complica- 
tion rates between six and 3496 in transplanted pa- 
tients ^ 19.15:212525 and the 37% incidence of significant 
complications reported in the present series again illus- 
trates the magnitude of this clinical problem. Mortality 
from certain complications was higher than estimated 
from similar problems in the general population. For 
example, the mortality from upper gastrointestinal 
bleeding from all sources was 2996 in transplant re- 
cipients, whereas the mortality of all patients admitted 
to general hospitals with hematemesis or melena has 
been reported to be between 5 and 1092.5? Also, the 
mortality from acute pancreatitis was 50% after trans- 
plantation compared to about a 10% overall mortality 
in the general population.? Perforations from divertic- 
ulitis after transplantation were frequently into the free, 
intraperitoneal cavity, causing a high mortality, while 
the vast majority of diverticulitis in the general popula- 
tion is a localized process with a considerably lower 
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mortality.!??* The incidence of gastrointestinal disease, 
particularly peptic ulcer disease and bleeding, in 
chronic renal failure patients is also high, but the asso- 
ciated mortality is not as great as in transplantation 
patients.!97925 Only one perforation has occurred in 
over 100 dialysis patients who underwent bilateral 
nephrectomies and no transplantation over the past 
ten years. 

Many factors including uremia, steroids, cyto- 
megalovirus, autoimmune disease, gastrointestinal 
hormones, hypercalcemia, and hyperparathyroidism 
have been implicated as causes of various gastro- 
intestinal problems after transplantation, 8442236 but 
no cause and effect relationship has been demonstrated 
for any of these specific factors. The apparent asso- 
ciation of hemorrhage with renal malfunction,” con- 
firmed in this study, suggests that such bleeding is 
temporally related to the combination of uremia, 
"stress," and high dose steroids and not to main- 
tenance immunosuppressive therapy, although stool 
guaiac examinations were not performed frequently 
during periods of stable renal function. In contrast, 
the association of pancreatitis with stable renal func- 
tion suggests a relationship with maintenance therapy 
and/or autoimmune disease. 

A primary goal of this analysis was to construct a 
patient profile for each major category of post trans- 
plant gastrointestinal complications, and certain gen- 
eral features of each category became apparent 
(Table 3). Upper gastrointestinal hemorrhage was the 
most common problem and occurred at varying time 
periods after transplantation. Hemorrhage was fre- 
quently severe and associated with renal malfunction. 
However, the site of the bleeding bore no significant 
relationship to periods of unstable kidney function. 
There was another group of patients whose bleeding 
occurred during stable, adequate renal function i.e. no 
rejection, normal BUN, and no deterioration in creatinine 
clearance. Nondiverticular perforations of the distal small 
bowel, colon, and rectum occurred early after transplanta- 
tion and were often caused by iatrogenic factors or peri- 
transplant infection. These perforations were usually 
fatal. Diverticular and gastroduodenal perforations oc- 
curred later and also had a high mortality. Esophagitis 
Occurred most frequently in severely ill, hospitalized 
patients with coexistant gastric or duodenal ulcerations. 
Pancreatitis characteristically occurred long after sur- 
gery, in the presence of stable renal function, and 
Was severe. 

A concept emerges from this analysis that there are 
really two types of posttransplantation gastrointestinal 
complications: one that is associated with acute, 
physiologic change, for example from renal malfunc- 
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TABLE 3. Characteristic Features of Some Major Complications 
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Perforations Hemorrhage 

Renal malfunction 

Ulcer patient at risk 

High mortality regardless 
of mode presentation 


Gastroduodenal — late 
Diverticular — late 
Other — early 


Difficult diagnosis 
High mortality 


Esophagitis Pancreatitis 

Hospitalized patient Late 

Coincident ulcer disease Stable renal function 
? older patient 


reamme aneneen eee r rna 


tion or infection, and another that occurs in periods 
of good health during chronic management of the 
recipient. The former complications were primarily 
postoperative or rejection-related problems, such as 
the majority of bleeding. The latter group which in- 
cluded pancreatitis and diverticulitis, and perhaps 
colitis, malignant disease, and other pancreaticobiliary 
problems, usually occurred at extended time periods 


à . after transplantation. A number of gastrointestinal 


problems, such as appendicitis, might have occurred 
had the patients never had renal failure nor undergone 
transplantation, and these patients would, of course, 
comprise a third, hard to discern, group of problems. 

Perhaps the most tragic are the patients in the 
second group, who suddenly developed severe com- 
plications after doing well for months or years. Some 
insight into these complications is provided by a closer 
inspection of the data on the HL A-identical recipients. 
Forty-five of the 56 HL A-identical recipients had more 
than one year of stable kidney function. Of these 45, 
32 received maintenance corticosteroids and 13 did not. 
Eleven of the 32 and one of the 13 patients treated 
without steroids developed gastrointestinal complica- 
tions, a statistically significant difference and strong 
evidence that steroids are a causative factor in at least 
some of the chronic care complications. It should be 
pointed out that some bias is inherent in this data be- 
cause the patients were not selected in a prospective 
randomized manner either to receive steroids, receive 
no steroids, or to be tapered from steroids. A large 
number of perforations and bleeding episodes during 
maintenance care of the recipients were associated 
with primary gastrointestinal pathology, which sug- 
gests that documented surgical disease should be cor- 
rected preoperatively. This analysis confirms previous 
reports!??72? that documented peptic ulcer disease is 
likely to recur following transplantation. However, 
pretransplantation gastric analyses have been unsuc- 
cessful in predicting patients at risk.5*!! Our current 
policy has been to perform prophylactic ulcer surgery 
prior to transplantation, usually proximal gastric 
vagotomy, for proven peptic ulcer disease. Because of 
the high incidence of diverticular disease with colon 


perforations, prophylactic colon resection for docu- 
mented diverticulitis, as proposed by others,?9* also 
seems reasonable. However, whether or not colon re- 
section is indicated for severe, asymptomatic divertic- 
ulosis depends upon further analysis of the incidence 
and natural history of diverticulosis in chronic renal 
failure patients. 

Because hospitalized transplantation patients are 
clearly at risk to develop certain gastrointestinal com- 
plications, measures directed at reducing morbidity 
and mortality are appropriate. These may include 
prophylactic antacids, cimetidine, nystatin, close 
monitoring for occult bleeding, cautious enemas, early 
drainage of peritransplant infection, careful radiologic 
evaluation of abdominal pain, and reduction of steroids 
when possible. Avoidance of nonabsorbable antacid 
gels like aluminum hydroxide is recommended? be- 
cause of the danger of fecal impaction, the cause of 
one perforation in our series. Caution is necessary 
when using cimetidine because of several reports of 
increasing serum creatinine.*!?!9 Also, the efficacy of 
cimetidine in this group of patients has not been con- 
clusively established. Expeditious endoscopy or con- 
trast examinations are indicated for evaluating occult 
blood loss because subsequent mortality was shown to 
be high. Perforation should be suspected in patients 
with generalized abdominal pain and a peritransplant 
infection. Such infections occurred in about 5% 
of recipients and a higher percentage of patients with 
urinary fistulae.5 Over the past five years, perforation 
in the postoperative period has decreased notably, 
perhaps due to better recognition of contributing 
iatrogenic factors. 
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these agents t5 patients with cardiac, renal or hepatic disease. Edema may 

occur occasio ally. Concomitant administration with adrenal steroids or ACTH 
may add tu the edema. 3. If amenorrhea or menstrual irregularities develop 

the diug should be discontinued until the etiology is determined. 


Dosage of the anticoagulant may have to be decreased in order 
to maintain the prothrombin time at the desired therapeu- 

tic level. 5. Anabolic steroids have been shown to 
alter glucose tolerance tests. Diabetics should 

be followed carefully and the insulin or oral 


4. Anabolic steroids may increase sensitivityto oral anticoagulants. 


hypoglycemic dosage adjusted accordingly. 6. Anabolic steroids should be 
used with caution in patients with benign prostatic hypertrophy. 7. Serum 
cholesterol may increase during therapy. Therefore, caution is required in 
administering these agents to patients with a history of myocardial infarction or 
coronary artery disease. Serial determinations of serum cholesterol should be 
made and therapy adjusted accordingly. 
ADVERSE REACTIONS: 
1. In Males: a. Prepubertal: 1) Phallic enlargement, 2) Increased frequency of 
erections, b. Post-pubertal:1) Inhibition of testicular function and oligospermia, 
2) Gynecomastia. 2. In Females: a. Hirsutism, male pattern baldness, deepening 
of the voice and clitoral enlargement. These changes are usually irreversible 
even after prompt discontinuance of therapy and are not prevented by 
concomitant use of estrogens, b. Menstrual irregularities, c. Masculinization of 
the fetus. 3. In Both Sexes: a. Nausea, b. Increased or decreased libido, c. Acne 
(especially in females and prepubertal males), d. Inhibition of gonadotropin 
secretion, e. Bleeding in patients on concomitant anticoagulant therapy, f. 
Premature closure of epiphyses in children. 4. Alterations in these clinical 
laboratory tests: a. The metyrapone test, b. Glucose tolerance test, c. The 
thyroid function tests: a decrease in the PBI, in thyroxine-binding capacity and 
radioactive iodine uptake, d. The electrolytes: retention of sodium, chlorides, 
water, potassium, phosphates and calcium, e. Liver function tests: 1) Increased 
serum cholesterol, 2) Suppression of clotting factors Il, V, VII, and X. 5. There 
have been rare reports of hepatocellular neoplasms and peliosis hepatis in 
association with long-term androgenic-anabolic steroid therapy. 
SUPPLIED: 
Deca-Durabolin (in sterile sesame oil solution for intramuscular injection) is 
available in a potency of 50 mg./cc. with 1096 benzyl alcohol (preservative): 

1 cc. ampuls, box of 4. NDC 2: 0052-0696-14 

2 cc. multiple dose vial. NDC z* 0052-0696-02 
Also available in a potency of 100 mg./cc. with 1096 benzyl alcohol 
(preservative): 

2 cc. multiple dose vial. NDC + 0052-0697-02 
CAUTION: 
Federal law prohibits dispensing without prescription. 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. O7052 


Organon 
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laboratories 
BRISTOL. TENNESSEE 37620. 





TICAR 


(Sterile Ticarcillin Disodium) 


for Intramuscular or Intravenous Use 
ror complete prescribing information. consult official package insert. 


ACTIONS: Ticarcillin is bactericidat; it is not absorbed orally, there- 
fore, it must be administered intravenously or intramuscularly. 


INDICATIONS: TICAR iTicarcillin Disodiumi is indicated for the 
treatment of the following infections: 
Bacterial senticemiat 
Skin and soft-tissue infectionsT 
Acute and chronic respiratory tract infections tt 
caused hy susceptible strains of Pseudomonas aeruginosa. 
rofeus species ‘both indole-positive and indole-negative) 
and Escherichia colt 
iiThough clinical improvement has been shown, bacterio- 
logical Cures cannot be expected in patients with chronic 
respiratory disease or cystic fibrosis : 
Genitourinary tract infections icomplicated and uncomplicated) 
due to susceptible strains of Pseudomonas aeruginosa, PIG 
feus species (both indole-positive and indoje-negative). 
Eschenchia coi, Enterobacter and Streptococcus. faecalis 
igntarocoaccusi. 
Ticarcillin is also indicated in the treatment of the following 
infections due to susceptible anaerobic bacteria 
iMi Bacterial septicemia. 
(2) Lowet respiratory tract infections such as empyema. anaerobic 
pneumonitis and lung abscess. 
iSi intra-abdominal infections such as peritonitis and intra-abdomi- 
nai abscess itypically resulting from anaerobic organisms resi- 
dent in the normal gastrointestinal tract. 
i4iinfections of the female pelvis and genital tract such as endo- 
matritis, pelvic inflammatory disease, pelvic abscess and 

Saipingitis. 
i5; Skin and soft-tissue infections. 

Although Ticarcillin is primarily indicated against Gram-negative 
infections. its in vitro activity agains! Gram-positive organisms 
should be considered in treating infections caused hy both Gram- 
negative and Gram-positive organisms. 

ased on the in vitro synergism between Ticarcilin and genta- 
micin sulfate or tobramycin sulfate against certain strains of 
Pseudomonas aeruginosa. combined therapy has been successful, 
using full therapeutic dosages. 

Culturing and susceptibility testing should be performed mitially 
ang during treatment. 


CONTRAINDICATIONS: A history af atlergic reaction to any of the 
penicillins is a Contraindication. 


WARNINGS: Anaphylaxis may occur, especially in patients with an 
alergie diathesis. Check for a history of allergy to penicillins, 
cephalosporins or other allergens. Hf an allergic reaction occurs, the 
drug should he discontinued untess, in the opinion of the ipe 
the condition being treated is life-threatening and amenabie only to 
Ticarcittin therapy. Serious anaphylactic reactions require immediate 
emergency treatment with epinephrine. oxygen, intravenous steroids 
and airway management. 

Some patients receiving high doses of Ticarcillin may develop 
hemorrhagic manifestations associated with abnormalities of coagu- 
lation tests. Patients with renal impairment, in whom excretion of 
Ticarcillin is delayed, should be observed for bleeding manifesta- 
tions. Such patients should be dased strictly according to recom- 
mendations. H bleeding manifestations appear. Ticarcitlin treatment 
RUE discontinued and. if necessary. appropriate therapy in- 
stituted. 


PRECAUTIONS: During prolonged treatment, periodic checking for 
organ system dysfunction irenai, hepatic and hematogoietic: is 
advisable. H overgrowth of resistant organisms occurs, the anmo 
priate therapy should be initiated. 

Since the theoretical sodium content is 5.2 millieguivalents (120 
mg: per gram of Ticarcillin electrolyte and cardiac status should 
be monitored carefully. 

in a few patients receiving intravenous Ticarcillin, hypokalemia 

has been reported. Serum potassium Should be measured 
periodically. 
USAGE DURING PREGNANCY: Reproduction studies have been 
performed in mice and rats and have revealed no evidence ol 
impaired fertility or harm to the fetus due to Ticarcillin. There are 
no well-contratied studies in pregnant women, but investigational 
experience does nol include qi positive. evidence of adverse 
effects on the fetus. Although there is no dg | defined risk. 
such experience cannot exclude the possibility of infrequent or 
subtle damage to the fetus. Ticarcillin should be used in pregnant 
women only when clearly needed. 


ADVERSE REACTIONS: The following adverse reactions may 
occur Skin rashes, pruritus. urticaria, drug fever, nausea. vomiting. 
anemia, thrombocytopenia, leukopenia. neutropenia, eosinophilia. 
SGOT and SGPT elevations have been reported. Patients. especially 
those with impaired renal function. may experience convulsions or 
neuromuscular excitability when very high doses of the drug are 
administered. 

Local reactions at the site of injection have heen reported. 
Vein irritation and phiebitis can occur, particularly when undiluted 
solution is directly iniected into the vein. 


DOSAGE AND ADMINISTRATION: Usual adult recommended dos- 
age in bacterial septicemia. respiratory tract infections, skin and 
soft-tissue infections, intra-abdominal infections and infections of 
the female pelvis and genital tract, is 3 grams by intravenous in- 
fusion every 3. 4 or 6 hours depending on weight anc severity of 
infection; in uncomplicated urinary tract infections, 1 gram LM. or 
direct 1 V. qid. in complicated urinary tract infections, 3 grams qid. 
by LV. infusion. M l 

Please consult official package insert for details on dosages for 
patients with renal insufficiency, children, neonates and directions 
tof use. 
Supplied: 

1 Gm, 3 Gm and 6 Gm Standard Vials 

3 Gm and 6 Gm Piggyback Botties 


Beecham 
laboratories 


BRISRTIOL TE MME REL 37620 


NF rmm eee dmm ONMMER SURE EI ARTY SORE: RTI SRR: EIT Vd. MET AMEND (EM MR S cm 





PRESERVE and PROTECT 
YOUR COPIES OF 
ANNALS of SURGERY 


Now, your journals can become a hand- 
some addition to your professional library. 


These file boxes are designed and cus- 
tom-made to keep your copies orderly, 
readily accessible and clean. 


Durable book-binder’s board covered 
with scuff-resistant, washable Leathertex. 
Lettering embossed in 23-Karat gold leaf. 


pomme mI UST 


Jesse Jones Box Corp. (since 1843) 
Dep't. JBLA—Phila., Pa. 19141 


Gentlemen: Kindly send me: 

Reasonably priced, too. Only $4.95 ea. O 
3 for $14.00 © 6 for $24.00 8 

Add $1.00 postage per file for orders outside the U.S. 


[] Check enclosed (Make check payable to: 
Jesse Jones Box Corp., Box 5120, Phila., Pa. 
19141) 


Name e aiia tee ee 
Address ous cna asd use ket eee aL cues rint uc UL RUE 
City/State/Zip ..... o ses. 


Shipped postpaid U.S. only. Satisfaction unconditionally 
guaranteed or your money back. 
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. Youarereliable andprecise. — = 


. soisthe 
|... WORLD JOURNAL OF SURGERY 


Marshall J. Orloff, M.D., Editor-in-Chief 





- Of interest and value to all surgeons...Ihis journal fills the need for rapid international ais- 
semination of the latest surgical discoveries and advances. Not only is fhe World Journal of 
Surgery the official publication of the Sociéte Internationale de Chirurgie, it is also the only 
international journal that contains refereed contributions of original work covering a broad 
range of surgical specialties. 


surgical care. 


- In addition, each issue contains a unique feature: “World Progress in Surgery? Here, in- 
vited contributions from recognized authorities focus on a special topic of current interest. This 
section, organized by a Guest Editor, provides each reader with the latest, most authoritative 
information on major clinical problems in the fields of surgery. 





d vem 


advances. This is not simply another clinical joumal useful for periodic reference. It is the sur- 
geon's guide to the most in-depth, current data available on a wide variety of surgical de- 
velopments. 


Editorial Board: Sven-Erik Bergentz, Malmo, Sweden; Charles G. Clark, London, England; Horst 
Hamelmann, Kiel, West Germany; Marshall J. Orloff. San Diego, USA; Jorge Puig La Calle, Bar- 
celona, Spain; Rene Rettori, Paris, France: Jean Van Geertruyden, Brussels, Belgium. 


Consultants: M. Allgower, E. Amdrup, S. Bengmark, H. Bismuth, J.A. Borges D'Almeida, H.G. Borst, 
A.D. Tirado, R.H. Egdahl, E.A. Elebute, D. Erik, G. Fegiz, D.E Aymerich, D. Gavriliu, J.D. Hardy, L.F. 
Hollender, P Kinnaert, PJ. Kuijer MJ. Kuzin, J. Loewenthal, L.D. MacLean, P Malek, J.E. Murat, J.S. 
Najarian, E Nakayama, L.M. Nyhus, G.B. Ong, S.R. Powers, Jr, D.C. Sabiston, Jr, A. Senning, G1. 
Shires, C. Solassol, V. Speranza, TE. Starzl, J.C. Thompson, EJ. Tiers, M. Tede, AW Wilkinson. 


Subscription Information: 
1979, Volume 3 (6 issues) 


North America: 
Institutional rate: 564.50 including postage and handling. 
Personal rate: $44.50 including postage and handling’ 


Outside North America: 
$75.00 including postage and handling. 


Sample copies available upon request. 


"Personal rate is applicable only in North America, and when paid 
by personal check to Springer-Verlag New York Inc. or by personal 
charge. Subscriptions are entered with prepayment only. 





Please send your order to: 
Springer-Verlag New York Inc. 
Dept. S159 

44 Hartz Way 

Secaucus, New Jersey 07094 
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Contraindications 


ant retain the steroid enema... 


Frequently your ulcerative proctitis patient 
can't retain the steroid enema: when the patient 
needs to be ambulatory; when the patient is in the 
early stages of therapy; when a steroid enema 
triggers the onset of tenesmus, or when sphincter 
control is weak. 





Now there’s an alternative to the retention 
enema—Cortifoam® (hydrocortisone acetate 1096) 
rectal foam. With Cortifoam, the steroid is kept in 
contact with the inflamed mucosa by a muco- 
adhesive foam base. Unlike retention enemas, 
Cortifoam can be administered at any time 
convenient to the patient in just 30 seconds—even 
while standing. Following administration, 
Cortifoam requires no lengthy period of reclining, 
no struggle to retain medication. And it usually 
won't leak or stain even in active patients. “This 
form of treatment is better tolerated since it does not 
provoke the tenesmus or urgency that often 
accompany a fluid enema.”* 


Finally, Cortifoam is more economical per 
application than commercially-available steroid 
enemas. 


So when you need an alternative for 
ulcerative proctitis patients who can’t retain steroid 
enemas, now you can prescribe one—Cortifoam. 


"Korelitz, B.L: Hospital Medicine 14:8-34, March. 1978 





Reed & Carnrick/Kenilworth, New Jersey 07033 
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possibly account tar headache, insomnia and fatigue. Sub- 
Capsular Cataracts may result from prolonged usage. Long- 


: o 
term use of all corticostercids results in catabolic effects ® 
characterized by negative protein and calcium balance. Os- 
teoporosis, spontaneous fractures and aseptic necrosis of the 
hip and humerus may occur as part of this catabolic phe 
nomenon, Where hypopotassemia and the other symptoms 


associated with fuid and electrolyte imbalance call for potas e 
sium Supplementation and salt-poor or salt-free diets, these Q 
may be instituted and are compatible with diet requirements | OCOI 1S0] le aCe a 
for ulcerative proctitis, 


Administration and dosage: Usuai dose is one applicatodui 


once GF twice daily for two or three weeks, and every second 
day thereafter, administered rectaliy The patient direction 


package with the applicator describes how to use the aerosol 
contamer and applicator. Satisiactony response u Sually oc- 
Curs within five to seven days marked Dy a decrease in symp- 
toms. Symptomatic improvement in ulcerative proctitis 
should not be used as the sole criterion for evaluating effi- 
cacy Sigmoidoscopy is also recommended to judge dosage 
adjustment, duration of therapy and rate of improvement, 








How supplied: CORTIFOAM is supplied in an aerosol con. 
tainier with a special rectal applicator Fach applicator delivers 
approximately 900 mg. of foam containing approximately BO 
mg. of hydrocortisone as 90 mg. of hydrocortisane acetate. 
The aerosol container wii deliver a minim um of ld applications 


DISPOSAB SKIN STAPLER 


PROXIMATE 


Faster approximation 
superior cosmetic results 


Excellent control, improved accuracy 

The PROXIMATE disposable skin stapler is a fast, simple closing 
device that can reduce operating time and provide excellent 
cosmetic results. This instrument is designed to fit your hand for 
comfortable, easy use. Smooth trigger action with less firing force 
and flexible work angle provide excellent control and accuracy. 
Minimal trauma, staples removed easily 

The PROXIMATE stapler forms virtually inert rectangular-shaped 
stainless steel staples. Wound edges are held together by the 
staple's legs. Tissue reaction and trauma are minimal. Wider 
crowns keep the staples upright, minimizing rotation, easing 
removal. 

Staple counts and sizes for all closing needs 

PROXIMATE products are available with regular and wide staples 
in counts of 15, 35, and 55 to meet closing needs for short, 
medium, and long incisions. 


Faster, easier approximation. 
Consistent, reliable skin coaptation. 


Touch skin lightly using centerline 
indicator to ensure equidistant staple 
placement across the incision. 

Fire, release completely, and with- 
draw instrument with backward 





FIHICON 


Innovators in wound closure 


PROXIMATE staplers have been 
proven 99% reliable in actual use.** 


Staples placed accurately. Staples removed quickly. Extraction Superior cosmetic results, 
Designed for precise placement. easy for surgeon and patient. 


j 


Ample space between staple crown Extractor designed for easy removal 

and skin surface minimizes cross- of staples. Simply position jaws 

hatching and eases staple extrac- beneath staple span, squeeze 

tion. Properly placed staples handles until fully closed, and lift 

provide accurate apposition with staple. **Based on data on file at ETHICON, INC. 





What cancer can't kill: 


HOPE. LOVE. COMPASSION. DIGNITY. 
TENDERNESS. UNDERSTANDING. 


Because now there's a book of sound advice 
for evervone whose loved one has cancer. 


How do you cope with cancer when someone you 
care for is the victim? How can you deal with the 
anger, fear and anxiety? Until now, the answer was 
a vague one. Today, however, there is a book—by 
an expert—that is a straightforward, wise, human 
discussion that can truly help you. It avoids both 
extreme anxiety and passive acceptance, looking 
for a middle way of reacting that may actually 
improve the chances of a cure. 


Doing for yourself — with 
the help of an expert. 


Out of the experience of thousands of patients, 
Dr. Cantor talks about every emotional conse- 
quence of the cancer experience. He discusses such 
vital emotional issues as faith in the physician; fear 
of abandonment; the process of restitution; the 
failure of treatment; how different types of 
marriages and family relationships are likely to 
respond; handling depression, and much more. Just 
about everything you could ever want to know, 
every piece of advice you could ever need, is con- 
tained in And A Time to Live. 

If you need help getting through your experience 
with cancer in someone you love, you need this 
book. It will help you have the kind of hope you 
never thought possible. 


"A fine and useful book, unusual in its scope, 
insight, and compassion." 
—ALLEN B. WHEELIS, MD., 
author of The Seeker 


"An extraordinarily fine book . . . It is full of 
vitally important information and wise 
counsel for people who have cancer and for all 
who relate to them as professionals, family 
members, or friends." 

—NEVITT SANFORD, author of 
The Authoritarian Personality 


AND A TIME TO LIVE 
Toward Emotional Well-Being During the Crisis of Cancer 
by Dr. Robert Chernin Cantor 
$10.95 


At your bookstore, or: 


HARPER & ROW, Publishers 
Attn: R. Brengel 

10 East S3rd Street 

New York, N.Y. 10022 


Please send me __ _copies of And A Time to Live @ $10.95 
per copy plus 75¢ for postage and handling. If not satisfied, | 
may return the book(s) within 10 days for a full refund. I enclose 
O check O money order in the amount of $ 

total. (Please add applicable sales tax.) 





Name 


Address 





City State Zip 
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Well-nourished patients generally withstand the stress of 
uncomplicated surgery and return to full activity following 
a relatively short, predictable convalescence. 


Not all patients are so fortunate, however. Some confront 
surgery debilitated by malnutrition. Others undergo sur- 
gery with only marginal reserves of body cell mass. These 
are patients at nutritional risk—patients for whom pro- 
nounced weight loss, impaired wound-healing, sup- 
pressed immunocompetence, and increased susceptibility 
to infection are imminent possibilities in the postoperative 
period. 


How many patients are affected? Recent studies have 
concluded that as many as 5096 of a given surgical popu- 
lation and 4496 of a general medical population may be 
affected by protein-calorie malnutrition.' ? Certainly, the 
need for aggressive nutritional support has been 
documented. 


When your assessment of a patient's nutritional status 
indicates that depleted nutritional reserves must be 
replenished prior to surgery or that additional protein and 
energy are required postoperatively, consider... 





ENSURE” Liquid Nutrition complete, balanced nutrition 
1 Cal/ml) for most surgical patients 


ENSURE” PLUS High Calorie Liquid Nutrition more nutri- 
tion (1.5 Cal/mi) in less volume to help meet the nutritional 
demands of severe stress and trauma 


ENSURE* OSMOLITE® Isotonic Liquid Nutrition 
the first ready-to-use isotonic liquid feeding (1 Cal/ml) for 


f 


patients particularly sensitive to hyperosmolar feedings 








VITAL* Nutritionally Complete Hydrolyzed Diet a new 
dimension in enteral feeding (1 Cal/ml) for patients with 
impaired gastrointestinal function 
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ROSS LABORATORIE! 
COLUMBUS, OHIO 43211 


ROSS § Division of Abbott Laboratories, us 








might improve 


Please provide more information on how Ensure 
Ensure* Plus, Osmolite® and Vital? 
the nutritional status of my patients. 
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VASCULAR 
LAB PLANS ? 


Consider the cost-effective 


VASCULAR) 


&e Three areas of diagnosis: Cerebrovascular, Peripheral Arterial, Venous e Three modalities: Bi- 
Directional Doppler, Strain Gauge Plethysmograph, Photoplethysmograph 


ACCURATE 


CEREBROVASCULAR: Doppler and photoplethysmographic assessment of frontal artery 
and/or direct Doppler assessment of carotid arteries detects > 50% stenosis of internal 
carotid artery with up to 95% to 100% accuracy." 


PERIPHERAL VASCULAR: Doppler, photoplethysmographic and strain gauge 
plethysmographic diagnosis of peripheral arterial disease is extremely accurate." 








VENOUS: Doppler, photoplethysmographic and strain gauge plethysmographic detec- 
tion of venous disease is 85-9596 accurate." 


NON-INVASIVE 


All procedures are non-invasive and comfortable for the patient. 


EFFICIENT 


e Maximum diagnostic capability at minimum cost. Less than $7,000 for the | 
following components: (1) VERSATONE? Bi-Directional Doppler, Model | FS 
D9 (2) VERSATONE Two-Channel Chart Recorder, Model g" -— ae i 4 
R12A (3) Strain Gauge Plethysmograph, Model SPG-16 ett 
(4) PuotoPuLse 9 Photoplethysmograph, Models PA13 and m Me 
PH77 e Procedures are accomplished simply and quickly by 
technicians è Compact, modular units may be taken to 
the patient easily when necessary. 


REFERENCES 


For references, reprints, detailed data sheets and other 
information or to set up an appointment for a demonstration, 
call our customer service department using our toll free 
number, 


CALL FREE: 800 227-8076 


IN CALIFORNIA CALL COLLECT (415) 965-3333 
OR JUST WRITE "VASCULAB" ON YOUR 
LETTERHEAD, SIGN YOUR NAME AND MAIL TO... 


MEDA Kee) 










® 
PO. Box M € 340 Pioneer Way ® Mountain View, California 94042 
Telex: 33-4448 @ Cable: MEDASONICS 











Improved Exposure for Excision of Rectal Carcinomas 


Initial Experiences with a Pubic Resection Technique 


NORMAN B. ACKERMAN, M.D., PHD., STEVEN LYNCH, M.D., PETER MARBARGER, M.D., UMASH B. PATIL, M.D. 


Preliminary experiences with a transpubic approach for car- 
cinoma of the rectum are described. By excising a wedge of 
pubic bone and freeing the left lateral attachments of the 
bladder, the entire length of rectum can be exposed, down to 
the level of the levator muscles. Dissection of the tumor can 
be performed under direct vision, even in unfavorable ana- 


- } tomic and pathologic situations. Low rectal anastomoses, at 


levels of 1-2 cm above the anus, may be performed with 
greater ease. It is felt that urinary problems should be un- 
common and that orthopedic complications should not occur 
since sacroiliac articulations are not disturbed by retraction. 


T THE PRESENT TIME, Operative procedures for 
A cancers of the rectum are often performed with 
difficulty due to limitations in exposure in the depths 
of the pelvis. With cancers at the level of 6—12 cm 
above the anus, a low anterior resection with primary 
anastomosis theoretically could be performed, but one 
is often unable to accomplish this because of technical 
difficulties relating to operative exposure. Even with 
cancers above 12 cm, primary anastomoses may be im- 
possible because of these same problems. These opera- 
tions are especially difficult in males, particularly 
where there is a narrow pelvis, obesity or a relatively 
large cancer. When an abdominoperineal resection is 
performed, the procedure is often done under other 
than direct vision, and may be difficult where there is a 
narrow pelvis or large tumor. Numerous operative in- 
juries have been reported as a result, including those 
to the rectum itself, vagina, bladder and ureter.® In 
addition, there may be excessive blood loss, particu- 
larly with injuries to the presacral vessels. 

This report describes initial experiences with a pro- 
cedure designed to improve exposure for operations 
on these patients. By resection of a wedge of pubic 
bone, direct total visualization of the rectum to the 
levator muscles is achieved. 


—————— GR RR RA 
Reprint requests: Norman B. Ackerman, M.D., Ph.D., Depart- 


HT ment of Surgery, Upstate Medical Center, 750 E. Adams Street, 


Syracuse, New York, 13210. 
Submitted for publication: March 16, 1979. 


From the Departments of Surgery and Urology, 
State University of New York —Upstate Medical Center 
and Veterans Hospital, Syracuse, New York 





Operative Technique 


The peritoneal cavity is opened through a midline 
incision and the extent of spread of the cancer is as- 
sessed. The skin incision is continued caudally to just 
beyond the pubis. The incision is deepened to expose 
the anterior surface of the pubis, and the muscles at- 
tached to the anterior surfaces, including the rectus 
abdominis and pyriformis, are cleared off the pubis 
just beyond the pubic tubercles bilaterally. Bleeding 
is controlled by electrocautery. The suspensory liga- 
ment of the penis is excised at the inferior surface of 
the pubis. An opening is made at the inferior margin 
of the pubis with a right-angle clamp, staying close to 
the pubis, avoiding the dorsal vein of the penis. Tissue 
adherent to the posterior surface of the pubis is then 
cleared from the bone. Two Gigli sawblades are in- 
dividually grasped by the right-angle clamp underneath 
the pubis (Fig. 1) and the pubis is sawed across by 
the two blades, simultaneously. A wedge of bone, from 
the pubic tubercles bilaterally is removed (Fig. 2), with 
the apex of the wedge at the inferior margin. There 
may be some bleeding at the inferior portion after the 
bone is removed. This is controlled by pressure, elec- 
trocautery or sutures. 

The peritoneum and supportive structures on the left 
side of the bladder are incised and the bladder is freed 
from its left lateral attachments. The left vas deferens 
is identified and can be saved or sacrificed. The peri- 
toneum around the sigmoid is incised where the sigmoid 
enters the pelvis. The left ureter is identified and en- 
circled with a Penrose drain, including much of the 
surrounding adventitial tissue with the ureter to avoid 
devascularization. As the bladder is freed of its left 
lateral attachments, the left inferior vesical vessels are 
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identified (Fig. 3) and divided. Right vesical vessels and 
supportive structures of the bladder are not disturbed. 
The bladder is retracted to the right side, exposing 
the rectum. This permits dissection onto the anterior 
and lateral surfaces of the rectum, all under direct vi- 
sion. Left middle hemorrhoidal vessels and lateral at- 
tachments may be identified (Fig. 4) and ligated. As the 
bladder and prostate are retracted to the right or 
through the pubic defect, dissection is carried down 
along the rectum to the level of the levator muscles. 
The posterior surface of the rectum can be exposed 
and dissected free. The right side of the rectum can 
then be exposed. After the right ureter is identified 
(Fig. 5) the right middle hemorrhoidal vessels and at- 
tachments are exposed and ligated. The position of the 
ureters in the pelvis is observed and the ureters are 
protected against damage. The entire course of the rec- 
tum down to the levator muscles is seen under direct 
vision (Fig. 6) and the cancer can be dissected away 
from adjacent organs, avoiding damage to these 
structures. 

If an abdominoperineal resection is to be performed, 
the abdominal part of the operation is concluded as in 
the standard technique, and the peritoneal floor is re- 
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Fic. 1. Gigli sawblades po- 
sitioned beneath the pubis. 


NT. 


constituted. The perineal part of the operation is per- 


formed using a modified lithotomy position, avoiding 


spreading the legs widely. This part of the procedure 
is relatively easy since the rectum is totally free im- 
mediately above the levator muscles. 

If an anterior resection is to be performed, right- 
angled anastotomic clamps can be applied to the lower 
part of the rectum and the rectum resected (Fig. 7). 
The level of the anastomosis can be as low as 1-2 cm 
above the levator muscles. The anastomosis is per- 
formed easily under direct vision using a one layer or 
two layer technique as desired (Fig. 8). 

The abdominal incision is closed in a standard 
manner. Bladder is returned to its anatomic position 
without need for supportive sutures. An indwelling 
catheter is left in place for several days. The fascia 
and skin are closed anterior to the pubis. The gap in the 
pubis remains and there is no attempt made to close 
the space. 


Case Reports 


Case 1. A 67-year-old man was admitted to the hospital with a 
four to five month history of uncontrollable diarrhea. On examina- 
tion of the rectum, a hard mass was identified which extended from 


Fic. 2. Resection of wedge 
of pubic bone. 
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Fic. 3. Identification of left 
ureter and left inferior vesi- 
cal vessels. 


the anal verge for a distance of 8 cm. A biopsy confirmed the 
diagnosis of adenocarcinoma. An abdominoperineal resection was 
carried out on May 16, 1978 using the procedure described above. 
The large ulcerated tumor was somewhat adherent to the prostate 
gland but this was dissected free under direct vision. The patho- 
logical diagnosis was mucin-producing adenocarcinoma of the rec- 
tum with invasion of external sphinctor and anal canal, and exten- 
sion through the wall with vascular and lymphatic invasion. Lymph 
nodes revealed only reactive hyperplasia. The patient had an un- 
eventful postoperative course without urinary tract difficulties and 
had no problem ambulating in a normal fashion. 

Case 2. This 63-year-old man was admitted to the hospital with a 
history of several months duration of a prolapsing mass from his 
anus. This was biopsied and identified as an adenocarcinoma. Sig- 
moidoscopy and barium enema revealed two separate lesions, one at 
the anal verge, and the other a large constricting tumor at about !1 
cm from the anal verge. An abdominoperineal resection was per- 
formed on May 31, 1978 using the pubic resection technique for 
improved exposure. Exploration of the peritoneal cavity at the time 
of operation revealed metastatic cancer in the liver. The two tumor 
masses in the rectum were identified. The most proximal mass at 
about 8 cm from the anal verge was a large, 8 cm mass, almost 
entirely circumferential. The rectum at this point was adherent to 
surrounding tissues but was dissected from surrounding tissues rela- 
tively easily under direct vision. The distal mass at the anal verge 


Fic. 4. Direct visualization 
of left middle hemorrhoidal 
artery. 
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measured 2 x 2 cm. Examination of the specimen by the patholo- 
gists, revealed infiltrating mucin-producing adenocarcinoma of the 
rectum extending through the muscle wall to the soft tissues and 
under the mucosa to the anus. Tumor was found within lymphatic 
vessels and veins and was also present in mesentery and mesen- 
teric lymph nodes. The patient had no difficulty during surgery and 
had a benign postoperative course. He had no urinary tract prob- 
lem and ambulated without any difficulty. 

Case 3. This patient, an 87-year-old man was admitted to the 
hospital with a history of 40 pounds weight loss over a six month 
period. A mass was felt at 8 cm from the anus and a biopsy showed 
adenocarcinoma. An operation was performed on June 8, 1978. Ex- 
ploration of the abdomen revealed no apparent metastatic disease. 
The tumor mass was identified at approximately 7 cm above the 
anal verge and was somewhat adherent posteriorally. Using the pro- 
cedure described above the entire rectum was freed under direct 
vision. A right angled anastomotic clamp was applied to the lower 
rectum at a distance 5 cm beyond the lower limits of the tumor by 
measurement and the rectum was excised. A primary anastomoses 
of colon to the rectal stump was performed at 1-2 cm above the 
levator muscles (Figs. 7 and 8). The anastomosis was performed 
easily, totally under direct vision. The pathological diagnosis was 
moderately well-differentiated adenocarcinoma with transmural in- 
filtration and penetration to the serosal surface. There was vascular, 
lymphatic and perineural invasion. Metastatic cancer was present 
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in three of ten lymph nodes examined. The patient tolerated the 
procedure extremely well and ambulated without difficulty on the 
first postoperative day. He had no urinary symptoms. Within five 
days after surgery the patient was on oral intake and by the tenth 
postoperative day was having three soft. formed stools per day. 
Unfortunately. this 87-year-old patient suddenly died on the fifteenth 
day after surgery with the presumptive diagnosis of a large myo- 
cardial infarct or pulmonary embolus. Permission for autopsy was 
not granted. 


Discussion 


Because of difficulties with the usual operative tech- 
niques for cancer of the rectum, other approaches have 
been described for these lesions. These have included 
sacral and coccygeal resections, perianal approaches 
and pull-through procedures, but these have not been 
accepted widely because of the limitations in exposure, 
and possible complications. 

Attempts to improve exposure in the region of the 
lower abdomen and pelvis through the pubic bone, have 
been described through the years, mainly for surgery 
of the urogenital structures. Walker, in 1923, reported 
dividing the pubic symphysis as part of a procedure 
for cancer of the prostate.” Attempts to reapproximate 
the pubis with wire sutures failed and the patient was 
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not able to ambulate for four weeks. Ortiz-Perez also 
reported using a symphysiotomy for obstetrical pa- 
tients with midplane dystocia.* The symphysis was cut 
and spread one finger width to aid in the deliveries. 
A binder was put over the iliac bones for one week and 
the author reported no problems with urinary incon- 
tenance or difficulties in walking. 

Others authors have described a total pubectomy 
where the superior and inferior rami were divided 
through the obturator foramen. Pierce, in performing 
this procedure for a correction of urethral injuries, re- 
ported no postoperative trouble with gait or instability 
of pelvis and patients had complete control of urine.* 
However, he noted that there was a large space which 
had to granulate in and he reported some problems 
with drainage. MacKenzie and Whitmore used a similar 
approach for advanced urological cancers and noted 
occasionally troublesome bleeding from the obturator 
veins.? The pubis was excised mainly to provide a 
margin of normal tissue around the resected tumors. 
Paine and Coomes performed a total pubectomy on a 
patient to repair a urethral injury.? Noting some in- 
stability of the sacroiliac joint, they replaced the pubic 
bone, suturing it with stainless steel wire sutures. This 
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FiG. 6. Rectal carcinoma 
and more distal normal rec- 
tum visualized down to the 
levator floor. 
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Fic. 7. Right angled anas- 
tomotic clamp on rectal 
stump, 1-2cm above anus, 
prior to starting anasto- 
mosis. 


patient developed pain postoperatively and needed a 
body cast for support. The patient was able to walk 
after four months. 

Wangensteen split the pubic symphysis in several 
patients with cancer of the rectum and retracted the 
two ends of the pubis with a Tuffier rib retractor.'° 
This permitted excellent exposure of the rectal lesions. 
Wire sutures through the obturator foramina were used 
to try to prevent pain and instability of the pelvis. 

More recently, Waterhouse and his associates have 
reported their experiences with 20 patients using a 
transpubic approach for exposure.!! Their total experi- 
ence now includes more than 100 patients. These pa- 
tients had urethral strictures, bladder or prostatic 
malignancies or vesicovaginal fistulas. These authors 
described the technique that we have adapted, of ex- 
cising a wedge of pubis from the pubic tubercles bi- 
laterally. Exposure from this technique permitted per- 
formance of the necessary operations, and postopera- 
tively the patients had no orthopedic disability, pelvic 
girdle pain nor abnormal gait. These authors demon- 
strated that excision of a wedge of pubis gave adequate 
exposure and was a better technique than symphysi- 
otomy since it did not appear to distort the pelvic at- 


Fic. 8. Colorectal anas- 
tomosis performed under 
direct vision. Catgut su- 
ture anterior layer has been 
completed. Interrupted silk 
stitches have not yet been 
placed. 
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tachments and articulations. They noted some difficul- 
ties in developing the space between the pubis and 
the prostate and bladder because of the fibrosis often 
associated with pubic injuries in those patients with 
urethral strictures. In some of these patients they found 
that the subperiosteal space was easier to dissect 
through. This has not been necessary in patients with 
uninjured pubic bones in their experience nor ours. 

It has been our experience, thus far, that by excising 
a wedge of pubis, exposure is adequate to carry out 
dissection of the rectum under direct vision. There 
is no need to retract the pubic rami further and, it 
should be emphasized, it is this retraction and disturb- 
ance of sacroiliac angles that has been responsible for 
the unfavorable orthopedic sequelae that have been 
reported with earlier techniques. If the sacroiliac joint 
is stable preoperatively, the incidence of postoperative 
sacroiliac problems should be low. 

Removing the rectum under direct vision has per- 
mitted us to avoid improper planes of dissection and 
to have direct control of any resulting hemorrhage. 
It is possible that a wider resection can be carried out 
with this exposure as well as avoiding inadvertant 
damage to surrounding structures. In instances where 
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there are anatomic and pathologic problems, resection 
can be carried out more easily with this increased ex- 
posure. In all of our patients thus far, the pelves were 
small and the tumors were relatively large. The pro- 
cedure itself is rapid with minimal blood loss. It can 
be performed without additional preoperative prepara- 
tion, and decision to use this approach can be made 
in the operating room when the anatomic and patho- 
logic factors are assessed. Excision of the pubic wedge 
takes only 10—15 minutes. 

A lower anterior resection can be carried out with 
this approach under direct vision, with ease. Recent 
studies on the function of anal sphincters after near 
total rectal excision, by Lane and Parks as well as 
others, have indicated that sphincteric activity returns 
rapidly in these patients, approaching normal function.” 
It is believed by these authors that receptors for 
sphincter inhibitory reflexes and sensation probably 
reside in the levator ani muscles. The intramural net- 
work of nerves regenerate across the low anastomoses 
in these patients. These authors emphasize the need 
for preventing pelvic inflammation and sepsis which 
they feel can diminish the contact between the colon 
and levators. 

Additional experience will be necessary to determine 
whether urological and orthopedic problems can be 
avoided with this technique although initial experiences 
have been favorable. Innervation of the bladder is be- 
lieved to take place at several anatomical locations. 
The division of the left inferior vesical vessels should 
not affect the nervous control nor blood supply to the 
bladder as long as the structures on the right side of 
the bladder remain intact. In addition, removal of the 
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rectum under direct vision may prevent the surgeon 
from injuring urinary tract structures or nerves beyond 
the correct plane of dissection. Fowler, Bremner and 
Moffat reported greater damage to the nerves of the 
bladder during abdominoperineal resections where 
there were highly invasive, posteriorly positioned rec- 
tal tumors.’ They felt that failure to identify correct 
planes of dissection was the most likely mechanism 
of injury, and they emphasized the need for adequate 
operative exposure. 
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Obliteration of Esophageal Varices by PTP 


A Follow-up of 43 Patients 


S. BENGMARK, M.D., B. BÖRJESSON, M.D., J. HOEVELS, M.D., B. JOELSSON, M.D., A. LUNDERQUIST, M.D, 


The percutaneous transhepatic portal vein catheterization 
(PTP) with selective obliteration of the coronary vein and/or 
the short gastric veins in treating bleeding esophageal varices 
was introduced in 1974. In order to prevent recanalization 
of the vessels Bucrylate® (isobutyl-2-cyano-acrylate) has been 
used in 43 patients 55 times during a period of 34 months 
(October 1975 to July 1978). The obliterative treatment was 
followed by rebleeding in 35% of the cases and continued bleed- 
ing occurred in two patients. Fourteen patients were treated 
on 16 occasions during acute bleedings, and five of these (36%) 
died within two months from a portal vein thrombosis caused 
by the obliterative procedure. Because of these findings PTP 
with obliteration of the veins feeding the esophageal varices 
is not recommended as an elective way of treatment. It should 
only be used in the acute bleeding patient when transesopha- 
geal sclerosering therapy, continuous vasopressin infusion and 
balloon tamponade have failed. Fifty-six per cent of the patients 
acutely treated stopped bleeding for more than one week, thus 
avoiding an emergency shunt or devascularization operation 
which are associated with a high mortality rate. 


HE TREATMENT OF PORTAL hypertension and 

bleeding esophageal varices is very controversial. 
Several prospective randomized controlled studies 
show no convincing life-prolonging effect with shunting 
procedures as compared to more conservative methods 
of treatment.*:!?^* An increasing reluctance among 
surgeons to accept shunt operations is mainly due to 
the fact that shunted patients have a higher incidence 
of and a more severe form of liver encephalopathy 
than unshunted controls." Transesophageal sclero- 
therapy of the varices*??* and various types of devas- 
cularization procedures*'!* are methods of treatment 
often advocated today. Sclerosing of esophageal 
varices by means of percutaneous transhepatic portal 
vein catheterization (PTP) with selective catheteriza- 
tion of the coronary and short gastric veins has also 
been tried. We introduced the method in 1974 and 
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have previously reported our earlier experiences with 
the method.?'? A rapid recanalization of the obliterated 
veins was early observed. In an attempt to eliminate 
or reduce this development Bucrylate* (isobutyl-2-cy- 
anoacrylate: Johnson and Johnson, Sollentuna, Sweden) 
has been used for the obliterations since 1975. This is 
a follow-up of the patients treated since then. 


Materials and Methods 


During the period October 1975 through July 1978 
(34 months) 43 patients were treated in our hospital 
with transhepatic Bucrylate obliteration of esophageal 
varices. They had all had at least one major bleeding 
episode requiring two bottles of blood transfusion or 
more. Endoscopy was used to confirm the diagnosis 
in all patients. The catheterization, portography and 
injection procedure was performed as described in a 
previous publication." The Bucrylate injection was 
proceeded and followed by manometric studies. The 
procedure was done under local anesthesia in all but 
two patients—a 15-year-old boy who was under gen- 
eral anesthesia and a 60-year-old man who was un- 
conscious and on a ventilator during the examination. 

Twenty-five of the patients were men and 18 were 
women. The mean age for the men was 56 years 
(median 57) with a range from 15 to 69 years of age. 
The corresponding figures for the women were — mean 
age 62 (median 63) and range 34-81. 

The PTP examination was always preceeded by ar- 
terial angiography to show patency of the portal vein 
in the venous phase and to exclude concomitant hepa- 
toma. During the time for this study three patients 
with bleeding varices (two women and one man) were 


0003-4932/79/1000/0549 $01.15 © J. B. Lippincott Company 


549 


550 


shown to have portal vein thrombosis and could not 
have a PTP performed. All intended PTP examinations 
resulted in catheterization of the portal vein system 
and all primary examinations also resulted in selective 
coronary and/or short gastric vein catheterizations and 
Bucrylate injections. 

In 19 of the patients the PTP examination was re- 
peated (once or more), either after three months as 
control examination with possible additional sclerosing 
injection or because of an episode of rebleeding. The 
43 patients had in all 68 PTP examinations performed 
during this study. Bucrylate injection of coronary 
and/or short gastric veins was performed in 55 of the 68 
examinations. On 13 occasions when no Bucrylate was 
injected remaining esophageal collateral flow could ei- 
ther not be shown, or the vessels feeding the collaterals 
could not be reached. In the latter instance it was al- 
ways collaterals originating from the splenic hilus that 
were the problem. In the 34 month period 24 patients 
had one PTP examination, 15 had two, two had three 
and another two had four examinations. 

The type of cirrhosis is given in Table 1. Among 
the men 88% had alcoholic cirrhosis while among the 
women the cryptogenic group was the largest (39%). 
All patients had cirrhosis histologically confirmed by 
a percutaneous needle biopsy of the liver. 

The liver function of each patient was scored ac- 
cording to Hobbs’ modification of the Child grouping 
system.? Fourteen patients belonged to group A, 16 
to group B and 13 to group C. The patients were all 
consecutive cases admitted to the hospital either with 
actively bleeding esophageal varices or with a recent 
history of variceal bleeding. For the duration of the 
study the transhepatic sclerotherapy was used for both 
acute and elective treatment. In the acute situation 
however, it was only used if vasopressin infusion 
and/or balloon tamponade failed to control the bleed- 
ing. Electively other types of treatment were not con- 
sidered until the transhepatic way of sclerotherapy had 
obviously failed, i.e. PTP sclerotherapy was not con- 
sidered to be a preoperative procedure to bring the 
patient to electively surgery. The treatment was per- 
formed during acute bleeding in 14 patients on 16 dif- 
ferent occasions. One patient was treated during acute 
bleeding three times. Thirty patients were electively 
treated. One patient had both an acute treatment and 
a later elective one. 


Results 


Portal Pressures and Direction of Flow 


Of the 43 patients with patent portal vein, 40 had a 
portal flow towards the liver (hepatopetal) and three 
had a total reversal of flow direction (hepatofugal). An- 
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TABLE |. Type of Cirrhosis 


Number Per Cent Number 
of of Number of 
Patients Patients of Men Women 
Alcoholic 25 58 22 (88%) 3 
Cryptogenic 10 25 3 7 (39%) 
Postnecrotic 3 7 3 
Chronic aggressive 
hepatitis 3 7 
Primary biliary 
cirrhosis l 2 I 
Secondary biliary 
cirrhosis E 2 l 
43 25 18 


other three had partial hepatofugal flow intrahepatically 
while the flow in the main stem of the portal vein was 
hepatopetal. 

Portal vein pressure was recorded in all 43 patients 
before injection therapy. The mean value was 34 + 7 
cm H,O (mean + 1 S.D.) and the range was 21-50. 
In five patients pressure recording was not possible 
after the treatment because of occlusion of the catheter. 
Those 38 patients who had pressure measurements 
both before and after Bucrylate injection had a pressure 
of 34+ 7 cm H,O before and 38 + 7 after the 
obliteration. 


lreatment During Acute Bleeding 


Fourteen patients were on 16 occasions treated dur- 
ing acute bleeding (one patient three times). In spite of 
the obliterating procedure bleeding continued in two 
patients. In 12 patients (14 occasions) the treatment 
stopped bleeding for one or more days. In five of these 
patients rebleeding occurred within one to seven days. 
In seven patients (nine occasions) the bleeding was 
stopped for more than seven days. Of these seven pa- 
tients three rebled, after eight days, four weeks and 
five months respectively. One patient has been treated 
three times for acute bleeding. She has rebled twice 
(12 months and 6 weeks) after the first two treatments. 
However, after her last acute treatment she has not 
bled for 15 months. One patient was unconscious on a 
ventilator during the treatment and died after two 
weeks in liver failure. Two acutely treated patients 
have not rebled for eight and 21 months respectively. 

Of the 14 acutely treated patients six are now dead. 
Two were alive without additional treatment and with- 
out further bleeding. One is alive after two additional 
bleeds and after two additional PTP embolizations. In 
five patients, who are still alive, additional therapy 
was necessary because of rebleeding— splenectomy in 
one and mesocaval interposition shunt in four. In three 
of the latter patients transesophageal sclerotherapy was 
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TABLE 2. Complications 





Mortalities 
No. Died After 


Cause of mortality 
Intra-abdominal bleeding I 
Portal vein thrombosis 6 


2 days 
9 days, 2 weeks, 4 weeks, 
6 weeks, 9 weeks, 2 years 


Without Mortality 


No. Treatment 





Intra-abdominal bleeding 2 
Intrapleural bleeding l 


Blood transfusion 
Blood transfusion and 
thoracocentesis 





tried but because of continued bleeding a shunt was 
performed. Of the six patients who died the cause of 
death was uncontrollable continued varixbleeding in 
one and liver insufficiency secondary to portal vein 
thrombosis in five. The latter five patients did within 
two months after the obliteration. 


Elective Treatment 


The treatment has been carried out electively in 
thirty patients on 38 different occasions (one patient 
was treated both acutely and electively). Of the thirty 
patients 17 were alive at the termination of the study 
— İl without additional bleeding and six after addi- 
tional bleeding. Thirteen patients were dead. 

Of the eleven patients who were alive and without 
further bleeding the observation time was less than six 
months in five patients, between six and twelve months 
in three and more than one year in another three. 

Six patients who were alive at the end of the study 
rebled and required additional therapy consisting of 
mesocaval shunt in one, transesophageal sclerotherapy 
in two, embolization of the splenic artery in one and 
blood transfusions only in two. 

Thirteen electively treated patients were dead when 
this study was terminated. The cause of death was 
intra-abdominal bleeding in one, rebleeding varices in 
five, bleeding gastric ulcer in one, liver failure in four, 
liver cancer in one and portal vein thrombosis and 
intestinal gangrene in one. 


Time for Rebleeding After Treatment 


If both acutely and electively treated patients are 
considered together it was found that 19 obliterative 
treatments were followed by rebleeding (24 were not) 
and continued bleeding occurred in two acutely treated 
patients. The time interval between treatment and re- 
eeding was less than one week on six occasions, 
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between one and two weeks on three, two to four weeks 
on three, one to three months on six, three to six 
months cn four, six to nine months on two, nine to 
twelve months on three. No rebleeding has occurred 
after more than one year. Forty per cent of the re- 
bleedings occurred within one month. 


Complications 


Complications of the procedure are given in Table 2. 
Death was due to intra-abdominal bleeding arising from 
a tear in the liver parenchyma in one case. The patient 
was operated on but succumbed due to blood loss. 
Portal vein thrombosis was considered the cause of 
death in another six cases. These patients died after 
nine days, two weeks, four weeks, six weeks, nine 
weeks and two years respectively. Nonfatal complica- 
tions occurred in another three patients. In two pa- 
tients intra-abdominal bleeding requiring blood trans- 
fusion occurred but no laparotomy was required. Intra- 
pleural bleeding demanding blood transfusion and 
thoracocentesis occurred in one patient. 


Survival 


The survival rate calculated according to the life table 
method? for all 43 patients are given in Figure 1. The 
survival rate at 34 months (the termination of the study) 
was 26% for all patients treated and 43% for the pa- 
tients in group A and B according to the modified 
Child grouping system. 


Survival per cent 





0 12 24 36 
Time after 
treatment 

Child group Alive Nead (month) 
A 12 2 
B 8 8 
C 4 9 


Fic. 1. Survival (life table). Solid line: all patients. Broken line: 
patients belonging to chilc Group A and B. 





Discussion 


This method of treating bleeding esophageal varices 
has the theoretical advantage of not diverting any portal 
flow from the liver and would consequently not results 
in an increased rate of encephalopathy. Our study con- 
firms this. The objective of the treatment has been to 
stop the bleeding and to block the dangerous esopha- 
geal collaterals while new collateral pathways in other 
places have time to develop—-splenorenal ones etc. 
This has often happened in our patients (Fig. 2) but 
the size of these new collaterals is not sufficient to pre- 
vent further bleeding. The rate of rebleeding in our 
study has been unacceptably high (45°), at least for 
the method to be advocated as a difinitive way of 
treatment. 

The results in the acutely treated group are more 
satisfactory, as 56% of the patients stopped bleeding 
for more than seven days and thus were spared an 
emergency shunt procedure. Only those patients, 
whose bleeding could not be controlled by vasopressin 
infusion. and/or balloon. tamponade, were acutely 
treated. There was one immediate death due to con- 
tinued variceal bleeding in this group. The value of 
this success is however reduced as development of a 
fatal portal vein thrombosis occurred in five pa- 
tients (3657). 

In the group treated electively however, only one 
patient developed portal vein thrombosis. She did well 
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Fic. 2. A 53-year-old woman 
with liver cirrhosis and por- 
tal hypertension. (left) Per- 
cutaneous transhepatic por- 
tography. Hepatofugal flow 
in portal vein and its tribu- 
taries. Via left gastric vein 
(—) flow to esophageal 
varices {+}. (right) PTP 4 
months later. Left gastric 
vein occluded with Bucryl- 
ate. Flow to gastric and 
esophageal varices via veins 
close to splenic hilum. Spon- 
taneous spleno-renal shunt 
(7). 


for one and a half year after treatment but then she 
developed signs of deteriorating liver function. A portal 
vein thrombosis was then demonstrated angiographi- 
cally. In this case the connection between the throm- 
bosis and the given therapy is not so evident as the 
development of portal vein thrombosis is à known risk 
in the progression of a cirrhotic liver disease.' 

Portal vein thrombosis as a complication of PTP 
sclerotherapy has not been considered a major risk in 
earlier reports.*!*!* We can not explain the high rate 
of this complication in our acutely treated group. The 
catheter manipulations in the portal vein, introduction 
of a foreign material (Bucrylate) in a vessel close to 
the portal vein or altered flow conditions obviously 
play a role. Of the five acutely treated patients de- 
veloping portal vein thrombosis four belonged to the 
modified Child group C and one to group B. Portal 
pressure before and after the Bucrylate injections were 
80/85. 40/37, 47/-, 28/37 and 42/44 cm H,O respectively. 
A possible explanation could be that in these patients 
with severely damaged livers and a considerable part 
of the portal flow bypassing the liver through the 
coronary vein, the occlusion of that vessel could result 
in a very slow flow in the portal vein, which com- 
bined with small intimal lesions could result in throm- 
bosis. Spill over of Bucrylate into the portal vein is 
probably not the reason as the examiner was very 
aware of the risk and the procedure was performed i» 
a way to minimize that risk.'^ 
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Fic. 3. A 54-year-old woman 
with liver cirrhosis and por- 
tal hypertension. (left) PTP. 
Injection of contrast me- 
dium into splenic vein close 
to splenic hilum. Via left 
gastric ( —) and short gas- 
tric (—) veins flow to esoph- 
ageal varices. (right) Left 
gastric vein occluded with 
Bucrylate ( —). Esophageal 
varices (—) fed by veins 
originating close to splenic 
hilum out of reach for trans- 
hepatic catheterization. 


It is evident that the PTP procedure in these patients 
with liver damage, coagulopathy, and portal hyperten- 
sion can be performed at an acceptably low risk. Out 
of 68 examinations only one patient died due to bleeding 
from the liver. Another three cases needed blood trans- 
fusions because of intraabdominal or intrapleural 
bleeding. 

However, the procedure can not be recommended 
for routine elective treatment because of the high rate 
of rebleeding. We had hoped to be able to prevent 
rebleeding by repetitive PTP obliterations. Is has how- 
ever become evident to us that this is not possible 
as new collaterals toward the esophagus develop; all 
cases and these collaterals frequently originate from 
the region of the spleen where they can hardly be 
reached by the percutaneous transhepatic catheteriza- 
tion technique (Fig. 3). 

Even for patients with acute bleeding we are, at pres- 
ent, reluctant to recommend this form of treatment 
because of the high rate of portal vein thrombosis as- 
sociated with the procedure in our patients in this 
group. However, if bleeding cannot be stopped by 
transesophageal sclerotherapy, balloon tamponade or 
vasopressin infusion, this method should be tried be- 
fore emergency shunts or devascularization operations 
are used — procedures which are associated with a mor- 
tality rate of around 5092.'? 


Summary 


Forty-three patients were treated with percutaneous 
transhepatic catheterization and Bucrylate injection of 


ESOPHAGEAL VARICES 





gastric coronary and/or short gastric veins for bleeding 
esophageal varices. Fourteen of the patients were 
treated during acute bleeding— the others electively. 
There was one death due to intraabdominal bleeding 
and five acute treated patients developed portal vein 
thrombosis (all of these five died within two months). 
Of the acutely treated patients 56% stopped bleeding 
for more than one week. In the electively treated group 
only one patient developed portal vein thrombosis. The 
main objection to the elective use of the treatment 
is the high rebleeding rate and the redeveloping of col- 
laterals towards the esophagus after the treatment. 
These collaterals most frequently originate from the re- 
gion of the spleen where they can hardly be reached 
by a repeated transhepatic catheterization procedure. 
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The Anatomic Basis for the Occasional Failure of 
Transfemoral Balloon Catheter Thromboembolectomy 


DAVID SHORT, M.D., G. DENNIS VAUGHN III, M.D., JOSEPH JACHIMCZYK, M.D., MICHAEL W. GALLAGHER, M.D., 


A Fogarty® balloon catheter was advanced from the common 
femoral artery through the popliteal artery and its branches in 
15 cadavers. The catheter passed into the peroneal branch 
89% of the time. In all 15 cadavers, the peroneal artery was 
the direct continuation of the popliteal artery and the arterior 
tibial and posterior tibial arteries branched off at varying 
angles from the popliteal. This provides an anatomic ex- 


= Y planation for the occasional failure of transfemoral Fogarty” 


catheter embolectomy of the leg. Our study suggests that if the 
patient’s foot does not improve after Fogarty embolectomy, 
the popliteal artery should be exposed and the catheter 
directed into the shank arteries using vascular forceps. 


HE TREATMENT OF ACUTE arterial embolization of 
the lower extremity was greatly simplified by the 
introduction of the Fogarty® balloon embolectomy 
catheter in 1963.! Thromboembolectomy of peripheral 
vessels is usually performed using an arteriotomy in a 
proximal large caliber vessel. Still, in some patients, 
embolic material is retained in distal arteries inspite of a 
supposedly "adequate" proximal thromboembolectomy. 
In 1960, Morris, et al.,? described the anatomy of 
the distal popliteal artery and its three branches. Their 
study was based on the pathologic and arteriographic 
study of 246 vessels. Six anatomic variations of the 
popliteal artery and its branches were described. These 
and their relative frequency in the population are il- 
lustrated in Figure 1.? Anatomically, in the vast ma- 
jority of cases, the peroneal artery is a direct con- 
tinuation of the popliteal artery. The posterior and 
anterior tibial arteries branch off at varying angles from 
the main popliteal trunk. 

At the time of thromboembolectomy, it is mandatory 
to remove embolic material from all the distal lower 
extremity arteries. Thus, we undertook this study to 
determine with what frequency each of the popliteal 
branches would be entered when an embolectomy 
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catheter was introduced distally from the common 
femoral artery. 


Materials and Methods 


The study was limited to 15 cadavers of a young age 
so that arteriosclerotic plaques would not impair the 
passage of the embolectomy catheter. One leg of each 
of the cadavers was examined in a standard fashion: a 
grom incision was made to expose the common femoral 
artery. Through a transverse arteriotomy, a number 3 
Fogarty balloon catheter was advanced along the 
distal superficial femoral artery. After insertion, the 
distal popliteal artery and its branches were exposed 
through a medial incision below the knee. The artery 
inte which the catheter had advanced was noted. The 
catheter was then withdrawn and advanced twice more. 
The result of each passage and the patient's anatomic 
configuration of the popliteal artery and its branches 
was recorded. 





Results 


The results are summarized in Table 1. Thirteen 
cadavers (8776) had Type Ia anatomy. In this group 
of patients, of 39 attempts to pass the Fogarty catheter 
the peroneal artery was entered in 36 occasions (92%), 
the anterior tibial in one occasion (2.5%), and the 
posterior tibial on two occasions (5%). Two cadavers 
had Type Ib configuration. Of six attempts at catheter 
passage, the peroneal was entered four times (67%), the 
posterior tibial in one occasion (17%), and the anterior 
tibial in one occasion (17%). Thus overall, of a total 
of 45 attempts to advance the Fogarty catheter from the 
femoral artery, the peroneal artery was entered on 40 
occasions (8947). 
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Discussion 


Morris? emphasized the fact that the classic anatomic 
descriptions of the distal popliteal artery and its branches 
are surgically misleading. His work noted the marked 
disparity by arteriosclerotic and aneurysmal involve- 
ment between the proximal and distal portions of the 
popliteal artery. He also clearly demonstrated that the 
peroneal artery is the direct continuation of the poplit- 
eal artery in the vast majority of the patients. Thus, our 
finding that an embolectomy catheter is most frequently 
advanced into the peroneal artery is not unusual. 
Fogarty?, without considering the anatomic basis, 
recommended that the popliteal artery be exposed 
at the point where it branches if a "satisfactory" 


TABLE I. Results of Catheter Passage Based on Anatomic Type 
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Fic. |. Anatomic vari- 
ations of the popliteal ar- 
tery and its branches as de- 
scribed by Morris (3). 
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embolectomy is not accomplished through the common 
femoral artery. Our recommendation, now based on 
anatomical findings, is that the popliteal artery and 
its branches be exposed if a satisfactory pulse is 
not palpable in the dorsalis pedis or posterior tibial 
arteries or if intraoperative arteriography does not 
confirm patency of these arteries. Upon exposure of the 
popliteal artery branches the embolectomy catheter 
can be guided into the individual branches by external 
compression of the other branches with vascular 
forceps. 

Thus, our study provides the anatomic basis for the 
occasional inadequate Forgarty embolectomy of the 
lower extremity. In fact, based on our findings, it is 
surprising that transfemoral embolectomy does not 
fail more frequently. It may be that embolism occurs 
most often at the level of the main popliteal artery and 
transfemoral embolectomy is usually carried out before 
distal coagulation has occurred. If this is true, trans- 
femoral embolectomy will be successful regardless of 
which artery the catheter advances into. Another 
reason might be that patency of the peroneal and one 
other distal artery may provide enough circulation 
to maintain viability of the feet in most cases. 
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Stockings 





Contraindications: 

stockings may not be recommended for patients with the following: 

1. Any local leg condition in which stockings would interfere, such as: 

a. dermatitis. 

b. vein ligation (immediate post-operative), 
C. gangrene, 

d. recent skin gratt. 

2. Severe arteriosclerosis or other ischemic vascular disease. 

3. Massive edema of legs or pulmonary edema from congestive heart failure. 

4, Extreme deformity of leg. 

5. For thigh length, patients with a circumference greater than 25 inches (63.5cm) 
at the gluteal furrow. For full leg (X-5, S, M, Ly, patients with a circumference of 25 
inches (63.5cm) or greater at the gluteal furrow. For full leg (X-L), patients with a 
circumference of greater than 32 inches (81.3cm) at the gluteal furrow. 


Precautions: 
1. Proper sizing and application must be assured. 


2. For full leg style TE.D.* Stockings, avoid interference of side panels or waistband 
with incisions, drainage tubes, catheters or other exterior devices. 


Warnings: 
Caution: Federal (U.5.A.) Law restricts this device to sale by or on the order of a 
physician. 
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orompt narcotic /analgesic 
relief without A.PC. 


The principal analgesic ingredient, oxycodone. is 
a semisynthetic narcotic with multiple actions 
ee) similar to those of morphine. The 
anaigesic effect of oxycodone begins within 10 to 

15 minutes after oral administration. peaks at 45 


minutes, and persists for 3 to 6 hours." Acetamin- 


ophen, a non-narcotic analgesic, complements 
the pain relief provided by oxycodone. 


Summary of Prescribing Information 
Contraindications: Myoersensibvity to oxycodone or 
acetaminophen 


Warnings: Drug dependence Oxycodone can pro- 
duce drug dependence of the morphine type and 
may be abused. Psychic dependence. physica! 
dependence and tolerance may develop upon 
repeated administrahon, prescribe. and administer 
with same caution appropriate to other oral narcotic. 
pent anng medications. Subject to the Federal Corn- 
roleg Substances Act. 

Usage in ambulatory patients: Caution. patients that 
Oxyc odone may impair mental and/or physical abili- 
ies required for performance of potentially hazardous 
tasks Such as driving a c car or operating machinery 
interaction with other Ce ntrai Mee System 
deoressants. Patients receiving other narcotic anal- 
gesics, general anesthetics, phenolhiazim nes, other 
tranguiizers, sedative-hypnotics or other CNS 
depressants (including aicohot) with TYLOX capsules 
may exhibit additive CNS der pression When such 
combined therapy 35 Mt ted. ihe dose of one 
or both agents should be reduced. 

Usage in pregnancy Safe use not established 
uds not be used in pregnant women unless 
tential benefits outweigh possible hazards 

qup in chüdren: Should not be administered. to 
chidren 


Precautions: Head injury and increased intracranial 
pressure: The respiratory depressant effects of nar- 
cones and ther capacity to elevate cerebrospinal fluid 
pressure may be marked y exaggerated in the pres- 
ence of head injury, other intracrarual jesions or a 
Dre-exi Shing Ve jede i antracranial pressure. Fur- 
i lermore, narcotics produce adverse reachons which 
nay obscure the clinical course of patients with head 
init Ines. 
Acute abdominal conditions: TYLOX capsules or 
other narcotics may obscure the diagnosis or chinical 
course of acute abdominat conditions. 
Sp pec ial risk patients; Adrminister with caution to cer 
in patients such as the elderly or debidated, and 
those with severe impairment of hepa is or renal 
jnction. hypothyroidism, Addison's disease, and 
prostatic hypertrophy or urethral stricture 


sullen Reactions: Most frequent Lightheaded- 
ess, dizziness, sedation. nausea and vomitiag; more 
nen in ambulatory than non-ambulatory 
patents: some of these reactions may be alleviated if 
the patient hes down. Others euphona, dysphona, 
constipation, skin rash and orurtus. 


Dosage and Administration: Dosage should be 
adiusted according to severity of pain and response 
of the patient. If may occasionally be necessary to 
exceed the usual dosage recommended below in 
cases of more severe pain or in those patients who 
have become tolerant to the eese effect of nar- 
cotics. TYLOX capsules are given orally. Usual aduit 
dose is one capsule every 6 hours as needed for 


pain. 


Drug Interactions: CNS depressant effects may be 
additive with that af other CNS depressants See 
Warnings. 

Caution: Federal law prohibits dispensing without 
prescription 

For information on symptoms/treatment of over- 
dosage. see full prescnbing information. 

Full directions for use should be read before admunis- 
tenina or prescribing 


'Halpern, LM. and Bonica, JJ. Analgesics A 
Modell. W.. ed Drugs of Choice 1976-1977, St Louis. 
The C V Mosby Co.. 1976. p. 213 QA 


TYLOX 


CAPSULES 


oxycodone HCI” 4.5 mg, 
oxycodone terephthalate” 0.38 mg. 
acetaminophen 500 mg 


*Warning: May be habit forming. 
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See below for important product information concerning warnings, adverse reactions, patient selection and prescribing and precautionary recommendat 


Let the healing begin 
in pain-free comfort 


MeatCaine hyarochioride 


bupivacaine hydrochloride 


with or without epinephrine 1:200.000 





indications: Peripheral nerve block, infiltration, sym- 
pathetic block, caudal, or epidural block. 


Contraindication: Marcaine is contraindicated in 
patients with known hypersensitivity to it. 


Warnings: RESUSCITATIVE EQUIPMENT AND 
DRUGS SHOULD BE READILY AVAILABLE WHEN 
ANY LOCAL ANESTHETIC IS USED. 


Usage in Pregnancy. Reproduction studies have been 
performed in rats and rabbits and there is no evidence 
of harm to the animal fetus. The relevance to the 
human is not known. Safe use in pregnant women 
other than those in labor has not been established. 


Until further clinical experience is gained, paracervical 
block with Marcaine is not recommended. Fetal brady- 
cardia frequently follows paracervical block with some 
amide-type local anesthetics and may be associated 
with fetal acidosis. Added risk appears to be present 
in prematurity, toxemia of pregnancy, and fetal distress. 


The obstetrician is warned that severe persistent hy- 
pertension may occur after administration of certain 
oxytocic drugs, if vasopressors have already been 
used during labor (e.g., in the local anesthetic solution 
or to correct hypotension). 


Solutions containing a vasoconstrictor, particularly 
epinephrine or norepinephrine, should be used with 
extreme caution in patients receiving monoamine oxi- 
dase (MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because severe, pro- 
longed hypertension may result. 


Local anesthetics which contain preservatives, i.e. 
those supplied in multiple dose vials, should not be 
used for caudal or epidural anesthesia. 


Until further experience is gained in children younger 
than 12 years, administration of Marcaine in this age 
group is not recommended. 


Precautions: The safety and effectiveness of local 
anesthetics depend upon proper dosage, correct tech- 
nique, adequate precautions, and readiness for 
emergencies. 


The lowest dosage that gives effective anesthesia 
should be used in order to avoid high plasma levels 
and serious systemic side effects. Injection of re- 
peated doses of Marcaine may cause significant in- 
crease in blood levels with each additional dose, due 
to accumulation of the drug or its metabolites or due 
to slow metabolic degradation. Tolerance varies with 
the status of the patient. Debilitated, elderly patients 
and acutely ill patients should be given reduced doses 
commensurate with age and physical condition. 


Solutions containing a vasoconstrictor should be used 
cautiously in areas with limited blood supply, in the 
presence of diseases that may adversely affect the 
patient's cardiovascular system, or in patients with 
peripheral vascular disease. 

Marcaine should be used cautiously in persons with 
known drug allergies or sensitivities, particularly to 
the amide-type local anesthetics. 

Serious dose-related cardiac arrhythmias may occur 
if preparations containing a vasoconstrictor such as 
epinephrine are employed in patients during or follow- 
ing the administration of chloroform, halothane, cyclo- 


PRODUCT IDENTIFICATION 


















MULTIPLE DOSE VIAL 


propane, trichloroethylene, or other related agents 
deciding whether to use these products concurre 
inthe same patient, the combined action of both age 
upon the myocardium, the concentration and volt 
of vasoconstrictor used, and the time since inject 
when applicable, should be taken into account. 


Caution is advised in administration of repeat dc 
of Marcaine to patients with severe liver disease. 


Adverse Reactions: Reactions to Marcaine are c 
acteristic of those associated with other amide-t 
local anesthetics. A major cause of adverse reacti 
to this group of drugs is excessive plasma lev 
which may be due to overdosage, inadvertent ir 
vascular injection, or slow metabolic degradation 


Excessive plasma levels of the amide-type local ar 
thetics cause systemic reactions involving the cen 
nervous system and the cardiovascular system. ' 
central nervous system effects are characterized 
excitation or depression, The first manifestation r 
be nervousness, dizziness, blurred vision, or trem 
followed by drowsiness, convulsions, unconscic 
ness, and possibly respiratory arrest. Since excitem 
may be transient or absent, the first manifestation r 
be drowsiness, sometimes merging into unconscic 
ness and respiratory arrest. Other central nerv 
system effects may be nausea, vomiting, chills, c 
striction of the pupils, or tinnitus. The cardiovasc 
manifestations of excessive plasma levels may inci 
depression of the myocardium, blood press 
changes (usually hypotension), and cardiac arrest 
obstetrics, cases of fetal bradycardia have occur 
{see Warnings). 

Allergic reactions, which may be due to hyperse 
tivity, idiosyncrasy, or diminished tolerance, are cl 
acterized by cutaneous lesions (e.g., urticaria), ede 
and other manifestations of allergy. Detection of «s 
sitivity by skin testing is of doubtful value. 


Reactions following epidural or caudal anesthe 
also may include: high or total spinal block; urir 
retention; fecal incontinence; loss of perineal s 
sation and sexual function; persistent analge 
paresthesia, and paralysis of the lower extremit 
headache and backache; and slowing of labor 
increased incidence of forceps delivery. 


Treatment of Reactions. Toxic effects of local ar 
thetics require symptomatic treatment; there is 
specific cure. The physician should be preparec 
maintain an airway and to support ventilation \ 
oxygen and assisted or controlled respiration as 
quired. Supportive treatment of the cardiovasc 
system includes intravenous fluids and, when api 
priate, vasopressors ‘preferably those that stimu 
the myocardium). Convulsions may be controlled : 
oxygen and intravenous administration, in small in: 
ments, of a barbiturate, as follows: preferably, 
ultrashort-acting barbiturate such as thiopental or 
amylal; if this is not available, a short-acting barbitu 
(e.g., secobarbital or pentobarbital) or diazepam. Ir 
venous barbiturates or anticonvulsant agents shc 
only be administered by those familiar with their | 


References: 

1. Moore DC, Bridenbaugh LD, Thompson GE: Bu 
acaine hydrochloride: a summary of investigatk 
use in 3,274 cases. Anesth Analg 50: 856-872, 1€ 


2. Moore DC, Bridenbaugh LD. Thompson GE, et 
Bupivacaine: a review of 11,080 cases. Anesth At! 
57:42-53, 1978. 


-BREON | BREON LABORATORIES, INC. 

90 Park Avenue, New York, N.Y. 10011 
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SINGLE DOSE AMPUL 





Marcaine HCI Epinephrine* | Methyl- Sodium Thio- Ascorbic 6096 Edetate | Sodium Thio- Ascorbic 6096 Ede 
(brand of (as bitartrate) | paraben Bisulfite glycerol — Acid Sodium Calcium | Bisulfite giycerel Acid Sodium Cak 
bupivacaine HCI) Lactate Disodium Lactate — Diso 
96 mg./ml. Dilution mg./mi. mg/m. —mi/m. mg/m. — mi/mi. mg/ml  mi/m. mg/m. — mi./ml. mg. 
0.25 25 -— — — -— — -— - 
0.25 25 1:200,000 2 5 001 2 0017 0 
05 50 — _ -— -— = = - 
05 50 1:200,000 2 5 001 2 0017 0 
0.75 75 E ~ — ~- = - 
0.75 75 1:200,000 Not Available in Vials 5 001 2 0017 0 





Note: The pH of these solutions is adjusted with sodium hydroxide or hydrochloric acid. Sodium chloride has been addec to make each solution isotonic. 


*Solutions of Marcaine that contain epinephrine should not be autoclaved. 


Federal law prohibits dispensing without a prescription. 


ne healing Deg 
in pain-free comf 


Of all commonly used local anesthetics, 
Marcaine® defers pain for so long, 
there's significantly less need 

for postoperative analgesics. 1 


atCaine hydrochloride 


brand of 


upivacaine hydrochloride 


with or without epinephrine 1:200.000 
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risks of 
ic anticoagulants or venography 


TIT Ne Fibrinogen 125 j 
IBRI NITOR™ Portable Radioisotope Monitor 


Even before clinical symptoms are manifest, Amersham's IBRIN (Fib- 
rinogen 1 125) lets you detect and monitor deep-vein thrombosis. The 
technique is safe and non-invasive and eliminates the risks associated 
with prophylactic anticoagulant therapy and radiopaque venography. 
There have been no reported adverse reactions. ng 


Diagnostic certainty of the IBRIN uptake test has been confirmed. to 
have a 9296 correlation with venography. Monitoring may begin within - 
two hours after injection of the radiopharmaceutical; one recent study 


indicates diagnostic accuracy as being 6796 at3-4 hours, and 9876 at24 
hours after injection.* 


Testing is simply performed at the patient S bedside. After injection, the 
patient's legs are marked with waterproof marker in intervals over the 
main veins. Using the IBRINITOR portable radioisotope monitor, a 
reading is obtained for each marked interval. A data printout assures 
ease and accuracy of data collection. 


The data is then checked for peaks in the pattern of Fibrinogen 1 125 
uptake. If increased count rate persists for 24 hours, the study indicates 
active thrombi and may justify appropriate anticoagulant therapy. , 


Contact your Nuclear Medicine Department for details or call: 


| AMERSHAM CORPORATION: 
A SUBSIDIARY OF THE RADIOCHEMICAL CENTRE 


26368. Clea rbrook Dr., Arlington Heights, IL 60005 
312/364-7100 or 800/323-0668 (Toll free) 


in Canada 
505 Iroquois Shore Rd., Oakville, ONT L6H 2R3 
415/842-27 20 or 800/261-5061 (Tell free) 


See following page for brief summary of package insert 


=DeNardo. GL DeNardo. SJ. et al. Radiology 124-765-768, Dec, 1977. 
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i B RI N ITO R ™ Portable Radioisotope Monitor 




















INDICATIONS 

IBRIN is indicated for use in prospective studies for the early detection and 
subsequent montornng of developing deep-ven thrombosis and in dag 
nostic studies for the detection of established thrombosis in the legs. 


A. The IBRIN (Fibrinogen | 125) test is indicated in patients with signs and 
for symptoms suggestive of deep-vein thrombosis with or without asso- 
ciated pulmonary embolism or in patients with pulmonary embotsm, 
with or without evidence of peripheral deep-vem thrombosis. in patients 
with established, old or "inactive" thrombi, the fest will be positive only if 
racionuchde-labeted fibrin deposition occurs in a sufficient quantity to 
allow detection. lis use is not contraindicated in patients on anticoagu- 
tants. 


B. The IBRIN (Fibrinogen | 125) testis indicated for the detection of thram- 
bus formation in patients undergoing major orthopedic or other surgical 
procedures, myocardial infarction, pulmonary disease, malignant dis- 
ease and other medical conditions known to predispose to thromboem- 
bolism. 


CONTRAINDICATIONS 

There are no known contraindications to the use of IBRIN. However. it 
should be noted that the iodides given to block the uptake of 7^ I by Ihe 
thyroid gland are contraindicated in patients with a known sensitivity to the 
iodides. 


WARNINGS 

This radiopharmaceutical should not be administered to patents under 
18 years of age, to patients who are pregnant, or to patients who are lactat- 
ing, uniess the information to be gained outweighs the potentral nsk. 


ideally, examinations using radiopharmaceuticals, especially those elec- 
tive in nature, of a woman of child bearing capability should be performed 
during the first few (approximately 10) days following the onset of menses. 
Nursing mothers shouid substitute formula feeding after the administration 
of Fibrinogen I 128. 


Extraordinary precautions have been taken in the preparation of IBRIN 
{Fibrinogen 1 125) to eliminate the possibie transmission of hepatitis. 
Nevertheless, the remote nsk of hepatitis associated with the administra- 
tion of Fibrinogen | 125 cannot be entirely eliminated. The finding of viral 
hepatitis in any patient up to six months after the administration of IBRIN 
should be reported to Amersham for further evaluation, since there are 
numerous possible sources of hepatitis infection. 


PRECAUTIONS 

Care should be taken to insure minimum radiation exposure to the patient, 
consistent with proper patient management, and to insure minimum radia- 
tion exposure to occupational workers. 


This drug contains radioactive materials which must be handied only by 
qualified personnel in conformity with Nuclear Regulatory Commission, 
agreement state. or other appropriate government regulat'ons, Care must 
be taken to avoid excessive exposure to its radiation. Smeiding or equiva- 
ient radiation protective measures must be used. 


This product is prepared from units of human plasma which have been 
tested using RIA methods and found non-reactive for Hepatitis B surface 
antigen. Approved detection methods are not sensitive enough to detect all 
infectious units of blood or all possible cases of hepatitis. However, IBRIN 
has been prepared from single donor plasma and has been injected into 
recipients without incidence of fibrinogen related Hepatitis B as evidenced 
by periodic physical examination and laboratory testing (liver profile, CBC, 
and Hepatitis B surface antigen and antibody by radioimmunoassay} of the 
recipients. 


There are a number of clinical circumstances requiring consideration in the 
interpretation of the test results. (See complete Package Insert.) 


Fibrinogen | 125 scanning should preferably be performed pnor to venog- 
raphy if both procedures are contemplated, since venography may cause 
increases in count rate making interpretation of post-vanography mentor- 
ing data difficult. 


Adequate reproduction studies on animals have not been performed to 
determine whether this drug affects fertility in males or females, has 
teratogenic potential, or has other adverse effects on the fetus. Fibrinogen 
[125 should be used in pregnant women only when clearly needed. 


ADVERSE REACTIONS 
There has been no reported incidence of allergic or anaphylactic reactions 
following the intravenous administration of IBRIN. 


Amersham 


AMERSHAM CORPORATION: 
A SUBSIDIARY OF THE RADIOCHEMICAL CENTRE 


2636 5. Clearbrook Dr., Arlington Heights, IL 60005 
312/364-7100 or 800/323-0668 (Toll free) 


in Canada 
505 Iroquois Shore Rd., Oakville, ONT L6H 2R3 
416/842-2720 or 800/261-5061 (Toll free) 





New! 


SURGICAL 
ENDOCRINOLOGY 


Clinical Syndromes 
e 


Edited by 
STANLEY R. FRIESEN, M.D., Ph.D.(Surg.) 
with 28 contributors 


Here is up-to-the-minute, useable information 
on the known endocrine syndromes requiring 
the attention of surgeons and other physicians. 
The book encompasses all the surgically signifi- 
cant endocrinopathies, both common and rare, 
all ages of patients, from the newborn to the 
elderly, and all accepted techniques of clinical 
and laboratory diagnosis, as well as surgical and 
conservative management. 


The relevant basic sciences are integrated with 
current diagnostic and therapeutic techniques. 
Each of the contributors is a leading authority 
writing on his own area of special interest. 


Among the unique features of this text you'll 
find an illuminating commentary on each 
chapter by Dr. Friesen... step-by-step diagnos- 
tic flowcharts ... a central table of the humoral 
and biological actions of 20 important endacrine 
syndromes mnemonic names for the 
syndromes . . . diagrammatic illustrations de- 
picting the pathophysiology of each syndrome 
as a composite of clinical findings. 


The volume presents a wealth of extraordin- 
arily current developments, featuring informa- 
tion on such innovative concepts and practices 
as the APUD series of endocrine cells—their 
origin, identification, and clinical applications, 
and the future surgical management of endo- 
crinopathies via transposition and transplan- 
tation of endocrine tissues. 


430 Pages / 110 Illustrations / 1978 / $27.00 
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Lippincott 


J. B. LIPPINCOTT COMPANY 
East Washington Square @ Phila.. Pa. 19105 


In Canada. J. B. Lippincott Company of Canada Ltd. 
75 Horner Avenue, Toronto, Ontario M8Z 4X7 


Please send me: 
Friesen: SURGICAL ENDOCRINOLOGY ....$27.00 
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Gu Payment enclosed (Save postage and handling) 
a Charge and bil! me (Plus postage and handling) 


Aiso available at your medical bookstore AS 10/79 


Copyright © 1979 by Merck & Co . Inc 





many mixed infections’ 


Mefoxin'. 
(Cefoxitin Sodium! MSD) 


e; containing 1 gram and 2 grams cefoxitin equivalent 


a unique 
profile of: 

: Spectrum 
efficacy 
safety 


“due tc susceptible strains of indicated bacteria at indicated sites 
(1)MEFOXIN is often referred to as a cephamycin in the scientific M S D 
literature. MERCK 


SHAI K 
For a brief summary of prescribing information, please see HARÉ 
last page of this advertisement. HM 





~ 


spectrum 


* Active against most aerobic pathogens — gram-negative 
as well as gram-positive 

eActive against most anaerobic pathogens — including 
Bacteroides fragilis 

e Active against most B-lactamase-producing strains that 
destroy the activity of many cephalosporins and 
penicillins 
Not active against most strains of Pseudomonas aeru- 
ginosa and enterococci (e.g.. Streptococcus faecalis) 
and many strains of Enterobacter cloacae. Methicillin- 
resistant staphylococci are almost uniformly resistant 
to MEFOXIN' (Cefoxitin Sodium. MSD) 


"In vitro activity does not necessarily imply in vivo effectiveness. 





act j^ 
p m 
fi 

eIn a wide range of infections such as: 

peritonitis 

intra-abdominal abscess 

skin and skin structure infections 
«in infections caused by single or multiple pathogens 


*due to susceptible strains of indicated bacteria at 
indicated sites 





xed infections’ 


A SIMPLE AND FAMILIAR DOSAGE REGIMEN 


























Usual Daily Frequency and 
Type of Infection Dosage Route E 
| Uncomplicated fi m * ofinfection 1 gram every 6-8 | 
eSafety comparable to that of cephalothin | such as pneumonia. urinary tract | 3-4grams | h IV or IM 
* Generally well tolerated. the most common adverse reac WILLE dee cias cil "o TREE 
tion being local reactions following IV or IM injection. Con- | Moderately severe or severe EC TRE PIA ee oL 
traindicated in patients who have shown hypersensitivityto | | Lx every6-8hours|V 
cefoxitin and the cephalosporin group of antibiotics. Give | Infections commonly needing ant 2gramsevery | 
with caution to penicillin-sensitive patients. Antibiotics ON nds in higher dosage (e g . gas I2grams |4 hours or 3 gram: 
qangrer iry onourslVv 








should be administered with caution to any patient who has 
demonstrated some form of allergy. particularly to drugs 


Mefoxii 
Cefoxitin Sodium) MSD MSD 


*due to susceptible strains of indicated bacteria at indicated sites For a brief summary of prescribing information, please see following page. 
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Mefoxin:. 
(Cefoxitin Sodium MSD) 


indications: Treatment of serious infections caused by susceptible strains of the desig- 
nated microorganisms in the following diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess. 
caused by Streptococcus pneumoniae (formerly Diplococcus pneumoniae), other 
streptococci (excluding enterococci, e.g.. Strep. faecalis), Staphylococcus aureus 
(penicillinase and non-penicillinase producing), Escherichia coli. Klebsiella species, 
Hemophilus influenzae, and Bacteroides species. 

GENITOURINARY INFECTIONS. Urinary tract infections caused by E. coli, Klebsiella 
species, Proteus mirabilis, indole-positive Proteus (i.e., P. morgani, P. rettgeri, 

and P vulgaris), and Providencia species. Uncomplicated gonorrhea due to N. 
gonorrhoeae. 

INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess. 
caused by F. coli, Klebsiella species, Bacteroides species including the B. fragilis 
group, * and Clostridium species. 

GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic in- 
flammatory disease, caused by £. coli, N. gonorrhoeae, Bacteroides species including 
the B. fragilis group + Clostridium species, Peptococcus species, Peptostreptococcus 
species, and group B streptococci. 

SEPTICEMIA caused by Strep. pneumoniae (formerly D. pneumoniae), Staph. aureus 
(penicillinase and non-penicillinase producing). E. coli, Klebsiella species, and Bacte- 
roides species including the B. fragilis group. * 

BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non- 
penicillinase producing 2. 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and 
non-penicillinase producing), Staph. epidermidis, streptococci (excluding enterococci, 
e.g.. Strep. faecalis), E. coli, P. mirabilis, Klebsiella species, Bacteroides species in- 
cluding the B. fragilis group.* Clostridium species, Peptococcus species, and Pepto- 
Streptococcus species. 

Although appropriate culture and susceptibility studies should be performed. ther- 

apy may be started while awaiting these results. Cefoxitin is not active /n vitro 

against most strains of Pseudomonas aeruginosa and enterococci (e.g.. Strep. 
faecalis) and many strains of Enterobacter cloacae. Methicillin-resistant staphylo- 
cocci are almost uniformly resistant to cefoxitin. 

Contraindications: Previous hypersensitivity to cefoxitin and the cephalosporin 

group of antibiotics. 

Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INGUIRY SHOULD BE MADE 
TO DETERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHA- 
LOSPORINS, PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION TO PENICILLIN- 
SENS: fIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO 
ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY 
TO DRUGS. IF AN ALLERGIC REACTION TO CEFOXITIN OCCURS, DISCONTINUE THE 
DRUG. SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

Precautions: The total daily dose should be reduced in patients with transient or persist- 
ent reduction of urinary output due to renal insufficiency because high and prolonged 
serum antibiotic concentrations can occur in such individuals ‘rom usual doses. As with 
other antibiotics, prolonged use may result in overgrowth of nonsusceptible organisms; 
repeated evaluation of the patient's condition is essential. If superinfection occurs, take 
appropriate measures. Increased nephrotoxicity has been reparted following concomi- 
tant administration of cephalosporins and aminoglycoside antibiotics. 

interference with Laboratory Tests — As with cephalothin, high concentrations ( » 100 
mcg/ml) may interfere with measurement of serum and urine creatinine levels by the 





Jaffé reaction and produce false increases of modest degree in creatinine levels reported; 


serum samples should not be analyzed for creatinine if withdrawn within 2 hours of ce- 
foxitin administratian. A false-positive reaction for glucose in urine has been observed 
with CLINITEST® reagent tablets. 
Pregnancy -—In women of childbearing potential. weigh anticipated benefit against 
possible risks. 
Nursing Mothers — Cefoxitin is excreted in human milk in low concentrations. 
infants and Children — Safety and efficacy in infants and children have not yet been 
established. 
Adverse Reactions: The most common adverse reactions have been local reactions fol- 
towing intravenous or intramuscular injection. Other adverse reactions have been en- 
countered infrequently. Loca/ Reactions — Thrombophlebitis with intravenous 
administration; pain. induration, and tenderness after intramuscular injections. Allergic 
Reactions — Rash. pruritus, eosinophilia, fever, and other allergic reactions. Gastroin- 
testinal — Nausea, vomiting. and diarrhea. Blood — Transient leukopenia, neutropenia. 
and hemolytic anemia; a positive direct Coombs test may develop in some individuals, 
especially those with azotemia. Liver Function — Transient elevations in SGOT, SGPT, 
serum LDH, and serum alkaline phosphatase. Renal Function — Elevations in serum 
creatinine and/or blood urea nitrogen levels. 
Note: in group A beta-hemolytic streptococcal infections, therapy should be maintained 
for at least 10 days to guard against the risk of rheumatic fever or glomerulonephritis. in 
staphylococcal and other infections involving a collection of pus. surgical drainage 
should be carried out where indicated. Intramuscular injections should be well within 
the body of a relatively large muscle such as the upper outer quadrant of the buttock 
üe., gluteus maximus). aspiration is necessary to avoid inadvertent injection into a 
blood vessel. 
How Supplied: Sterile cefoxitin sodium in vials and infusion bottles containing 1 gram 
or 2 grams cefoxitin equivalent. 
For more detailed information, consult your MSD representative or see full prescrib- 
ing information. Merck Sharp & Dohme, Division of Merck & Go., Inc.. West Point, 
Pa. 19486 
k fragilis. B dislasonis. B ded B. M n. vulgatus | MSD 
3 Registered trademark of Ames Company. Division of Miles Laboratories. inc. MERCK 
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Quick Reference To 
Surgical Emergencies 


Edited by Gerald W. Shaftan, M.D. 
and Bernard Gardner, M.D. 





n ee ere outline form. IS prr [or in- 
stunt use in helping you evaluate the surgical 
emergency, make the diagnosis and curry out 
the indicated treatment, 

Divided into two broad categories of trau- 
matic and non-traumatic surgical emergencies 
the book systematically covers: Techniques of 
evaluating the patient and applying diagnostic 
criteria... Radiologic procedures that are 
necessary... Anesthesia considerations... 
Fluid and e sJectroly te replacement. 

[he patient evaluating techniques. diagnostic 
steps and surgical treatment are presented 
step-by-step with cach individual entry num- 
bered for simplicity. 


Subject matter includes emergencies Occurring 


in the areas of general, orthopaedic. neuro- 
logic. ophthalmic, thoracic, plastic, urologic. 


head and neck. and pediatric surgery. 

All who are involved in surgical emergency 

treatment will appreciate this easy-to-use, 

time-saving manual. 

664 Pages e 50 Illustrations è 1974 
Flexible Binding e $23.75 


Lippincott 
J. B. Lippincott Company 


East Washington Square € Phila., Pa. 19105 


Please send me: 
G QUICK REFERENCE TO 


SURGICAL EMERGENCIES............. $23.75 
NatfiB- fcit iussu cud 
BOGCSS acu etd ee 
er ene O ANA a 


(] Payment enciosed O Charge and bill me 
(Save postage & handling) (Plus postage & handling) 


Also available at your medical bookstore. AS 10/79 
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Through the lenses of a Nikon F2 and a sigmoidoscope: 
the decisive difference 


between PROCTOFOAM 
and the suppository. 


PROCTOFOAM * The suppository 


The study: 


à 36-year-old volunteer, 
free of rectal pathology, 
was administered a 
traditional hemorrhoidal 
suppository and 
PROCTOFOAM * on 
successive days to 
determine differences 
between the two agents 
in speed and extent of 
coverage. Both sets of 
photographs were taken 
by a Nikon F2 through 
a sigmoidoscope. 


SES minutes at 5 minutes 


at 15 minutes at 15 minutes 


sa đ 


at 30 minttes at 30 minutes 


at 60 minutes. ' at 60 minutes 





Unique photosigmoidoscopic evidence 
demonstrates the superiority of 
"PROCTOFOAM over the hemorrhoidal suppository 
in both speed and extent of coverage. 


Within 5 minutes, PROCTOFOAM® has coated the = PROCTOFOAM"-HC 


mucosa of the rectal ampulla while the suppository (hydrocortisone acetate 17.) | | | 
T ally i Before prescribing, see complete product information of which 
PORE TIERE LEER. the following is a brief summary. 


b ; . ! = p» Contraindications: Topical steroids are contraindicated in those 
At 10, 15, and 30 minutes, while the SUPPOSITORIES patients with a history of hypersensitivity to any of the components 


still in the slow process of melting and giving limited of the preparation. 
coverage, PROCTOFOAM continues to provide a Precautions: If irritation develops, the product should be discontin- 


T a ued and appropriate therapy instituted. 
thick cosung on the mucosal surface. In the presence of an infection, the use of appropriate antifungal or 
M. : x IE. a antibacterial agents should be instituted. If a favorable response 
At the end of a full hour, the suppository has finally does not occur promptly, the corticosteroid should be discontinued 


melted; coverage is extremely uneven, while until the infection has been adequately controlled. 


! " id If extensive areas are treated or if the occlusive technique is used, 
PROCTOFOAM continues to prov ide even COVETaBE. the possibility exists of increased systemic absorption of the cor- 


1 : ticosteroid and suitable precautions should be taken particularly in 
Upon application, PROCTOFOAM fills the anal ian anina í r 
cavity, spreading evenly into rectal crypts, folds, Although topical steroids have not been reported to have an ad- 


BER | ates 34 ea see verse effect on human pregnancy, the safety of their use in pregnant 
papillae and hemorrhoidal sites. And because women has not absolutely been established. In laboratory animals, 


PROCTOFOAM is mucoadhesive, medication is kept increases in incidence of fetal abnormalities have been associated 


a cf us ere : . with exposure of gestating females to topical corticosteroids, in 
m prolonged contact with tender irritated membranes some cases at rather low dosage levels. Therefore, drugs of this 


to bring prompt, sustained and effective relief from class should not be used extensively on pregnant patients, in large 


itching and pain without leaking or staining. lisible EUER cheese 


PROCTOFOAM is available in two formulations: Adverse Reactions: The following local adverse reactions have 


T6 D. TE. been reported with topical corticosteroids, especially under occlu- 
PROCTOFOAM®*-HC for temporary relief of acute, sive dressings: burning, itching, irritation, dryness, folliculitis, hyper- 


inflammatory anorectal disorders and for postopera- trichosis, acneiform eruptions, hypopigmentation, allergic contact 


i ; ~ ` ; : dermatitis; maceration of the skin, secondary infection, skin atrophy, 
tive pain. PROCTOFOAM-HC provides faster wound striae. and miliaria. , 


3 1 l-4 / 1 TE ~ >. 3 / , 3 23 E ee ° 
healing (272 to 3 weeks instead of 342 to 4 w eeks);4 Dosage and Administration: Apply to affected areas 3 or 4 times 
less scar formation; ^? less edema, inflammation, daily. Use the applicator supplied fcr rectal application. For perianal 


, -5 , use, transfer a small quantity to a tissue and rub in gently. 
itching, pain and tenesmus. ^ 375 Non-steroid i pui P 
How Supplied: In aerosol container of 10 gm., with special rectal 


PROCTOFOAM* for maintenance therapy when the applicator. The aerosol delivers approximately 24 applications. 
inflammatory phase has been brought under control. 
References: 1. Bernstein. l.: Surg. Dig. 4:23. Jan. 1969. 2. Sladek. 


Both PROCTOFOAM and PROCTOFOA M-HC W.R.: Scientific Exhibit, 69th Annua! Meeting of American Proc- 
i RET nA oe : Drs d doses: m tologic Society, April 1970. 3. Sladek, W.R.: Am. J. Clin. Res. 1:33. 
come with an easy-to-use, measured-dose applicator Jan.-Feb. 1970. 4. Miller. H.: Am. J. Proctol. 18:59. Feb. 1967. 


that assures proper placement of the medication. 5. Lieberman. W.: Am. J. Proctol. 20:134. April 1969 


PROCTOFOAM. For faster and more complete 
coverage than the hemorrhoidal suppository. Ic Reed & Camrick/Kenilworth, New Jersey 07033 


PROCTOFOAM-HC 


EACH MEASURED DOSE (APPROX. 6.5 ML.) DELIVERS HYDRO- 
CORTISONE ACETATE 1%, IN A WATER-SOLUBLE, 
MUCOADHESIVE FOAM BASE. 


FOR TEMPORARY RELIEF OF ACUTE 
INFLAMMATORY ANORECTAL DISORDERS AND 
FOR POSTOPERATIVE PAIN. 


ap nonesteroid 


PROCTOFOAM 


NEN ANCE THERAPY WHEN THE INFLAMMATORY 
VS BEEN-BROUGHT UNDER CONTROL. 





DRY THERAPY 
for moist, oozing lesions 


Powder. In shaker-top vials. Especially useful in the 


bacteria found topically. And, since these antibiotics are 


treatment of suppurating or serous discharging lesions, seldom used systemically, the patient is spared sen- 
sitization to those antibiotics which might later be - 
required systemically. 

Famous Neosporin ® (polymyxin B-bacitracin- 
neomycin) therapy. In convenient powder form. 


infected ulcers, moist or oozing lesions, an 


triginous areas." 


. A combination of three antibiotics with a spec- 
trum of action encompassing virtually all pathogenic 





NEOSPORIN' Powder 


inter- 


(polymyxin B-bacitracin-neomycin) 


NEOSPORIN* POWDER 

(POLYMYXIN B-BACITRACIN-NEOMYCIN) 
For Topical Use Only (Not Sterile) 
DESCRIPTION: Each gram contains: Aero- 
sporin9 brand Polymyxin B Sulfate 5,000 
units; bacitracin zinc 400 units; neomycin 
sulfate 5 mg (equivalent to 3.5 mg neomycin 
base); in a special lactose base. 


"INDICATIONS: Based on a review of 
this drug by the National Academy of 
Sciences—National Research Council 
and/or other information, FDA has 
classified the indications as follows: 

"Possibly" effective: For topical 
administration for the treatment of the 
listed localized infections or for sup- 
pressive therapy in such conditions: 

Therapeutic 

(when infected 
by susceptible 
organisms): 














Prophylactic: 
Postoperative 
and traumatic 










surface Vascular ulcers 
wounds Decubitus ulcers 
Biopsy sites Pyodermas 
Skin grafts and Infected eczemas 
donor sites Infected 
Dermabrasion dermatoses 






Final classification of the less-than-ef- 
fective indications requires further in- 
vestigation. 







CONTRAINDICATIONS: This product is 
contraindicated in those individuals who 
have shown hypersensitivity to any of its 
components. 

WARNING: Because of the potential hazard 
of nephrotoxicity and ototoxicity due to 
neomycin, care should be exercised when 
using this product in treating extensive 
burns, trophic ulceration and other exten- 
sive conditions where absorption of neomy- 
cin is possible. In burns where more than 20 
percent of the body surface is affected, 
especially if the patient has impaired renal 
function or is receiving other aminoglycoside 
antibiotics concurrently, not more than one 
application a day is recommended. 

When using neomycin-containing prod- 
ucts to control secondary infection in the 
chronic dermatoses, such as chronic otitis 
externa or stasis dermatitis, it should be 
borne in mind that the skin in.these condi- 
tions is more liable than is normal skin to 
become sensitized to many substances, 
including neomycin. The manifestation of 
sensitization to neomycin is usually a low 
grade reddening with swelling, dry scaling 
and itching; it may be manifest simply as a 
failure to heal. During long term use of 
neomycin-contàining products, periodic 
examination for such signs is advisable and 
the patient should be told to discontinue the 
product if they are observed. These symp- 





toms regress quickly on withdrawing the 
medication. Neomycin-containing applica- 
tions should be avoided for that patient 
thereafter. 

PRECAUTIONS: As with other antibiotic 
preparations, prolonged use may result in 
overgrowth of nonsusceptible organisms, 
including fungi. Appropriate measures 
should be taken if this occurs. It is to be 
noted that the powder is not intended for 
sterile use in surgical procedures such as 
those involving abdominal or thoracic body 
cavities. 

ADVERSE REACTIONS: Neomycin is a not 
uncommon cutaneous sensitizer. Articles in 
the current literature indicate an increase in 
the prevalence of persons allergic to neomy- 
cin. Ototoxicity and nephrotoxicity have 
been reported (see Warning section). 
DOSAGE AND ADMINISTRATION: Apply 
lightly to the area to be treated as often as 
needed; treatment area may be covered with 
a dressing or left exposed, as desired. In 
biopsy sites, dermabraded areas, etc., the 
powder may be mixed with a little powdered 
gelatin foam to provide concurrent hemos- 
tasis. 

HOW SUPPLIED: Shaker-top vial of 10 g 


$r Burroughs Wellcome Co. 
Research Triangle Park 
Welicome / North Carolina 27709 
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When they can eat... 





hydromorohone HC! @ 


The first step after injectables in post-op analgesia. 


Description: Dilaudid is hydromorphone, a hydro- 
genated ketone of morphine 

Indications: For relief of moderate to severe pain. 
Contraindications: Suspected increased intracra- 
nial pressure, status asthmaticus 

Warnings: May be habit forming with a potential for 
addiction equivalent to morphine in equi-analgesic 
doses. Tolerance may also occur. As with all narcot 
CS, use in early pregnanc yonly when expected bene- 
nts Oulweighn fISKS 

Adverse Effects: Nausea diarrhea, con 
stipalion, anorexia ana somnolence may occur al- 
though uniikely with appropriate dose selection 
Dosage and Administration: Dosage must be indi- 
vidualized. The usual adult dose is 2 mg every 4-6 


{f HNA 
VOfTntungd 


nours, as necessary, tor moderate to moderately se- 
vere pain For more severe pain 3-4 ma or more e very 
4-6 hours, as necessary, may be required 
Treatment of Overdosage: |f overdosage is treated 
within an hour, emesis and gastric lavage should be 
attempted. special attention should be given to respi 


ration. and, if Gepression occurs, it may be an- 
tagonized by the use of naloxone hydrochloride 
(Narcan*) — Endc ilorphine hydrochloride 
(Nalline®)— Merck Sharp & Dohme levallorphar 
tartrate (Lorfan*) Roche. as recommended by the 


manufacturer. Other supportive measures should be 
‘applied when indicated 

How Supplied: Dilaudid HC! color coded tablets 
(NOT FOR INJECTION) imprinted with K logo on one 


side and potency on other side as follows: green — 1 

mg. orange —2 mg; pink—3 mg and yellow —4 mg 

Available in: 1 mg — bottles of 100 (NDC #0044-1021- 

02), 2 mg — bottles of 100 (NDC #0044-1022-02) and 

500 (NDC #0044-1022-03), 3 mg — bottles of 100 

(NDC #0044-1023-02), 4 mg — bottles of 100 (NDC 
rz 


#0044-1024-02) and 500 (NDC #0044-1024-03) 


Knoll Pharmaceutical Company 
Whippany, New Jersey 07981 


Member Company, Certified Medical! & 
Representative Institute. Inc r 


NEW TECHNIQUE IN THE TREATMENT la 


OF DEEP DERMAL HAND BURN 


ENZYMATIC DEBRIDEMENT 
WITH IMMEDIATE GRAFT) 





2 hours postburn on 
admission 


Technique: 


1. Apply TRAVASE® Ointment (Sutilains Ointment, NF) 
upon admission (within 24 hours of burn injury). 


2. Repeat every 12 hours until debridement produces 


punctate dermal bleeding. 


3. After 24 hours, if debridement is incomplete, add an 


appropriate antimicrobial. 





24 hours postburn 


postburn 





Graft applied 24 hours 





5 days postburn 


Advantages: 


4. Graft as soon as punctate dermal bleeding is produced 


(within 24 to 36 hours postburn). 


5. Remove dressings four days postgraft and initiate 


return to motion. 


The use of this new technique, utilizing TRAVASE® 
Ointment, is an interesting development in the treatment 
of deep dermal hand burns. The speed of debridement 
and rapidity of healing obtained with TRAVASE 
Ointment makes this new technique possible. 


TRAVASE® Ointment 
(Sutilains Ointment NF) 


Indications: For wound debridement. TRAVASE Oint- 
ment is indicated as an adjunct to established methods 
of wound care for biochemical debridement of the 
following lesions: 


Second and third degree burns. 

Decubitus ulcers. 

Incisional, traumatic, and pyogenic wounds 
Ulcers secondary to peripheral vascular disease. 


Contraindications: Application of TRAVASE Ointment 
is contraindicated in the following conditions: 


Wounds communicating with major body cavities. 

Wounds containing exposed major nerves or nervous 
tissue. 

Fungating neoplastic ulcers. 

Wounds in women of child-bearing potential—because 
of lack of laboratory evidence of effects of 
TRAVASE Ointment upon the developing fetus. 


Warning: Do not permit TRAVASE Ointment to come 
into contact with the eyes. If contact is made, immedi- 
ately rinse with copious amounts of water, preferably 
sterile. 


Precautions: A moist environment is essential to 
optimal activity of the enzyme. Enzyme activity may 


also be impaired by certain agents (see package insert). 


Although there have been no reports of systemic 
allergic reaction in humans, studies have shown that 
there may be an antibody response in humans to 
absorbed enzyme material. 


Adverse Reactions: Consist of mild, transient pain, 
paresthesias, bleeding and transient dermatitis. Pain 
usually can be controlled by administration of mild 
analgesics. Side effects severe enough to warrant dis- 
continuation of therapy occasionally have occurred. 


If bleeding or dermatitis occurs as a result of the 
application of TRAVASE Ointment, therapy should be 
discontinued. No systemic toxicity has been observed 
as a result of the topical application of TRAVASE 
Ointment. 


DOSAGE AND ADMINISTRATION: STRICT 
ADHERENCE TO THE FOLLOWING IS REQUIRED 
FOR EFFECTIVE RESULTS OF TREATMENT. 


1. Thoroughly cleanse and irrigate wound area with 
sodium chloride or water solutions. Wound MUST 
be cleansed of antiseptics or heavy-metal anti- 
bacterials which may denature enzyme or alter 
substrate characteristics (e.g., hexachiorophene, 
silver nitrate, benzalkonium chloride, nitrofurazone) 


2. Thoroughly moisten wound area either through 
tubbing, showering, or wet soaks (e.g. sodium 
chloride or water solutions). 


Preserves viable tissue 

Achieves early skin cover 

Initiates early range of motion 

Reduces likelihood of blood loss and surgery 
Shortens hospitalization and period of disability 
Minimizes hypertrophic scarring 


T RAVAS E A INTMENT 


(Sutilains Ointment, NF) 


1. Lassa R: Presentation at American Plastic & Reconstructive Surgery Meeting 
and Hand Society Meeting, Hollywood, FL, November, 1978. 


3. Apply TRAVASE Ointment in a thin layer assuring 
intimate contact with necrotic tissue and complete 
wound coverage extending '^ to ^ inch beyond the 
area to be debrided. 


4. Apply loose wet dressings. 


5. Repeat entire procedure 3 to 4 times per day for best 
results 


How Supplied: TRAVASE Ointment (Sutilains Ointment, 
NF) is supplied sterile in one-half ounce (14.2 gm) 
tubes. Each gram contains 82,000 casein units of 
proteolytic activity in a hydrophobic ointment base. 


The ointment must be stored under refrigeration at 
2° to 8°C (35? to 46°F) 


U.S. Patent No. 3,409,719 


8-19-20-137A B» UT . 
4 l way | 
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Why s ould ‘you? 





Ld 


antiseptic can cause serious problems. Thé 


why scrubbing and prepping leave no room for 


compromise with the quality of an antiseptic. 
A small difference in cost is not worth the risk. 


BETADINE Microbicides promptly kill 

ym positive and gram-negative bacteria, 
ungi, viruses, protozoa and yeasts. 

BETADINE Microbicides have been 
documented specifically by name—and in the 
same formulations you employ in practice— 
in over 650 published reports encompassing 
thousands of clinical procedures. 

BETADINE Microbicides were also chosen 
by NASA for disinfection procedures in Apollo 
splashdowns and in the Skylab mission. 


— — BETADINE Surgical Scrub*—for surgical 
scrubbing and patient degerming. 


— —— BETADINE Solution or BETADINE 
Aerosol Spray—for patient prepping and 
postoperative antisepsis on incisions. 


E SD 


Just one pathogen species missed Ibyan ` M E 


Uncompromising" 
antisepsis for scrubbing 
and prepping - 












“In the rare instances of local irritation or sensitivity, 
discontinue use by the individual. 


Purdue Frederick 


©Copyright 1979, The Purdue Frederick Company/Norwalk, CT 06856 
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e most prevalent 
ers flora of man. T are 


forming, nonmotile, g am- 
| : ative bacilli. They most often 
“appear in mixed infections, and are 
E highly opportunistic. Further, they 
are very difficult to culture. 


Under normal conditions, bacte- 
roides are benign. But in infectious 
situations they can be extremely 
virulent. 


Fortunately, most bacteroides 
infections are susceptible to 
Chloromycetin (chlorampheni- 
col) therapy. Yet, all too often their 
presence goes undetected. So 


today, many authorities recommend 


early--and vigorous—treatment 
with Chloromycetin when the 
clinical impression suggests that a 
Bacteroides infection is present. 


Chloromycetin must be used only 
in those serious infections for 
which less potentially dangerous 


drugs are ineffective or 
contraindicated. 

But when bacteroides are impli- 
cated, Chioromycetin {chloram- 
phenicol) therapy may well be the 
conservative course. For, in such 
situations, the benefits-to-risk ratio 
with Chloromycetinis very favorable. 


See next page for full prescribing 
information. 
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No pumps 
Allows continuous gravity-flow 
administration. 


Lightweight 
Ambulatory patients can maneuver 
with more ease. 


Eliminates jerry-rigging 
A single component that's disposable. 
Saves time for the entire staff. 


Economical 
Just add Vivonex HN and a feeding tube. 


Simple flow regulation 


“The plastic bag administration set and a 
microdrip chamber permit accurate 
administration during a wide range of rates. 
The elimination of the need for an infusion 
pump renders the technique less expensive 
and cumbersome. The patients may be fully 

ambulatory while receiving therapy ^1 


Special... 


because it's 


Easy-to-fill pouch 
Holds up to 1 liter of 
Vivonex HN; 100-ml 
calibrations add accuracy. 


sturdy pouch 
access 


without weakening. 
Permits volume or 
concentration changes 
and addition of vitamins or 
medications. 





Unique drip 
meter 

Allows simple flow- 
rate monitoring. 
Microdrops/minute 
equate to ml/hr for 
desired flow rate 

(60 drops 1 ml; 60 
drops/min~60 ml/hr). 












| Screw clamp 
quM Finely threaded for 
I precise adjustment. 


Male Luer 


feeding tubes. 


eoru: 1. Page CP, Ryan JA Jr, Haff RC: Continual catheter 
administration of an elemental diet. Surg Gynecol Obstet 142: 184-188, 
1976.2. Randall HT (ed): Nutrition and surgical patients. Contemp 
Surg 111: 7-22, 1977. 2. Blackburn GL, Bistrian BR: Nutritional care 
o Me injured and/or septic patient. Surg Clin North Am 56:1195-1224, 


Can be opened and closed. 


Fits most small-caliber 


Special...because it 
delivers Vivonex^ HN. 


VIVONEX HN provides complete enteral nut 
with free amino acids. Being truly elemental, i 
requires minimal digestion and allows maxima 
absorption. The extremely low viscosity allow 
Vivonex HN to flow continuously, at any rate, 
without clogging. 


“Increasingly, these diets are used in patients 
with fistulas, inflammatory bowel disease, par 
obstruction, and malabsorption— states for wl 
total parenteral nutrition was once considered 
appropriate, "? 


VIVONEX HN-—the only elemental high nitro 
diet —has “...a nitrogen to calorie ratio of 1:15 
the best ratio for anabolism."? By continuous 
administration of Vivonex HN via the Vivonex 
Delivery System, the same positive nitrogen 
balance, weight gain, and accelerated wound 
healing can be achieved as with parenteral 
hyperalimentation, but without the catheter-ir 
thrombophlebitis, sepsis, and patient discomfc 


*information on Vivonex HN usage and precautions accompanies the 
product and should be reviewed before use, 


Norwich-Eaton Pharmaceuticals 
Division of Morton-Norwich Products, Inc. 
Norwich, NY 13815 
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applied over the outer surface for added 


strength and to promote perigraft attach- 
ment. Most important, there is no ingrowth 
or intimal hyperplasia which can cause 


A special glutaraldehyde tanning process a blockage of the lumen in other grafts. 


converts the umbilical vein into an inert 
biopolymer. The result is a strong, truly 
biocompatible, non-antigenic graft. 
scientific research using infra-red 
spectroscopy, critical surface tension 
measurement and scanning electron 
microscopy confirms the non-throm- 
bogenic nature of the graft. Electronega- 
tivity and compliance are comparable 

to that observed in the saphenous vein. 
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in November, 1975, seventeen surgeons par- 
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plants. The clinical report, based on this 
three-year study, is now available (see order 
Unlike bovine collagen grafts or the ASV, form below). 
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Reality of Limb Salvage 


The patient requiring Biograft usually 
presents with a serious and advanced state 
of disease. Bypass may be the only alterna- 
tive to amputation. And Biograft is the only 
reliable alternative to the saphenous vein. 
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Availability and Sizes 


Biograft can be ordered from Meadox in the 
same manner as a synthetic graft. Lengths 
range from 15 to 7O cm. Diameters are 5 or 
ómm. In addition, 6 mm to 5 mm tapered 
grafts are available in lengths of 55 cm 
and longer. 


A Reasonable Choice 


Take the time now to look at Biograft - a 
product you can use today with confidence. 
Broad-based clinical results are showing 
favorable cumulative patency and limb sal- 
vage rates well into the fourth year. It is be- 
coming clear that the structural and bio- 
chemical qualities of Biograft make it 
ideally suited for small caliber peripheral pro- 
cedures - both above and below the knee. 
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Neutrophil Function in Anergic Surgical Patients: 


Neutrophil Adherence and Chemotaxis 


NICOLAS V. CHRISTOU, M.D., M.Sc., J. L. MEAKINS, M.D., D.Sc., F.R.C.S.(C), F.A.C.S. 


Skin test anergy (A) to recall antigens identifies surgical 
patients at high risk for sepsis. We studied neutrophil function 
in such patients to assess any alteration in their host defense 
mechanisms. Neutrophil adherence was measured with a 
modified adherence assay capable of measuring the adherence 
of neutrophils in whole blood or purified neutrophil sus- 
pensions, and neutrophil chemotaxis was assessed by the Boyeden 
technique. Twenty-one laboratory controls had a neutrophil 
adherence of 71.5 + 3.8% (mean +SD) and chemotaxis of 
128.1 + 2.4 & (mean +SD). Fifty-four hospitalized patients 
with normal skin tests had neutrophil adherence of 72.5 
+ 13.1% (p ~ 0.5 relative to control) and chemotaxis of 123.3 
+ Xl gu (p ~ 0.5). Twenty three relatively anergic patients 
had values of 84.3 + 7.9% (p< 0.001) and 103.7 + 2.0 p 
(p < 0.001). Forty five A patients had adherence of 85.0 
t 7.0% (p < 0.001) and chemotaxis of 90.4 + 2.9 p (p 
< 0.001). The correlation coefficient between increased neu- 
trophil adherence and decreased chemotaxis r — 0.81 has 
p < 0.0005. A factor which increased the adherence of normal 
control neutrophils was found in the plasma but not the serum 
of anergic patients. Inhibitors of control neutrophil chemotaxis 
have been shown in both serum and plasma of patients with 
decreased autologous neutrophil chemotaxis. We propose 
that this altered neutrophil function (possibly with other 
defects) in anergic patients may compromise their host 
defenses and render them susceptible to infection. 


UTANEOUS ANERGY TO RECALL skin test antigens, 
has been associated with an increased rate of 
sepsis and mortality in surgical patients.?^ The role 
of host defense mechanisms in preventing infection 
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in such patients is being increasingly debated.'? A com- 
plete study of all aspects of host defense against 
bacterial pathogens has not yet been done. The poly- 
morphonuclear neutrophil (PMN) is the principle cell 
in defense against bacterial invasion. In the classic 
sequence of inflammation, PMNs first adhere to the 
vascular endothelium, with subsequent passage through 
the microvasculature endothelium by diapedesis and 
migration to the inflammatory focus along chemotactic 
gradients set up by the invading pathogen and local 
factors. Once at the site of bacterial invasion, PMNs 
ingest (phagocytose) and digest (kill) opsonized 
pathogens. There are no data on neutrophil adherence 
in patients with skin test anergy. 

Modifying existing systems, the adherence of 
neutrophils from patients with various skin test re- 
sponses was measured and correlated with PMN 
chemotaxis. Modulators of neutrophil adherence in 
serum and plasma were identified and the effects of 
several drugs on neutrophil adherence and chemotaxis 
were studied. 


Materials and Methods 


Patient Population 


Surgical patients on the wards and the intensive care 
unit of the Royal Victoria Hospital were skin tested 
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icc Tuberculin syringe 


icc Whole blood 


— 30 mg Fiber 


-25 Guage 5/8" needle 
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Fic. |. A graphic representative of the neutrophil adherence 
assay system. 


by the intradermal injection of five recall antigens: 
Candida, Mumps, PPD, Trichophyton, and Varidase.'? 
All skin tests were administered and read by one 
person. A positive response was defined as induration 
greater than 5 mm seen at 24 and/or 48 hours. From 
this a normal (N) response was defined as two or more 
positive responses to any of the antigens at either 
reading: relative anergy (RA) as one positive response; 
and anergy (A) no response to any of the antigens. 
Patients were skin tested either preoperatively or post- 
operatively. Blood was drawn for neutrophil function 
after the 48 hour reading was obtained. The age range 
of the patients varied from 18 to 95 mean age 58 and the 
male/female ratio was 1.2:1.0. Patients had a variety 
of surgical diseases ranging from simple breast lumps 
requiring biopsy to carcinoma of the head of the pan- 
creas requiring a Whipple resection. Twenty-one 
healthy laboratory personnel ages 20-55 were used 
as controls. The controls were asked to refrain from 
ingestion of any medication for 72 hours prior to study. 
All medications given to patients were noted. 
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Collection of Blood, Plasma, Serum and Preparation 
of Neutrophils 


Blood was collected in 10 cc heparinized tubes 
(10 units Heparin/cc) by venopuncture and treated ac- 
cordingly. Heparin was excluded when blood was col- 
lected for the purpose of obtaining serum. After clot 
retraction at 4? overnight, the serum was separated by 
centrifugation at 2,000 x g for 20 minutes. Similarly, 
plasma was collected after centrifugation of the particu- 
late elements in whole blood. Neutrophils were pre- 
pared from whole blood as follows. Two cubic centi- 
meters of Dextran-40 (Pharmacia) was added to 10 cc 
of heparinized whole blood and the red blood cells 
were allowed to sediment at 1 x g for 60 minutes at 
37°. The leukocyte rich supernatant was then centri- 
fuged at 200 x g for 10 minutes. The pellet was washed 
three times with minimal essential medium (MEM, 
Microbiological Associates) and resuspended to a final 
concentration of 3-5 x 10* neutrophils/cc. In order to 
obtain PMNs the leukocyte rich pellet was resuspended 
in a mixture of 1 cc plasma and 1 cc phosphate buffered 
saline and then layered onto ficoll-hypaque (Pharmacia). 
After 25 minutes centrifugation at 480 x g the PMNs 
were separated from the mononuclear cells, washed 
three times with MEM and resuspended in MEM at 
3 x 10° PMNicc. 


Neutrophil Adherence 


The assay system for whole blood consisted of a 
1 cc tuberculin syringe fitted with a 25G, 5% inch needle 
standing in a 12 x 75 mm borosilicate glass tube in 
a rack (Fig. 1). The syringe was packed with 30 mg of 
nylon fiber (Leuko-Pack Leukocyte Filter, Code 
4C2401, Fenwal Laboratories, Deerfield, IL). The 
fiber was prewetted with 1 cc of MEM pH 7.4 (MEM 
+ 10 mM Hepes) and packed with a plunger into the 
bottom of the syringe barrel. This assembly was then 
prewarmed to 37? in an incubator. Simultaneously 
3.5 cc of whole blood to be tested, was prewarmed to 
37°. Using a Icc tuberculin syringe fitted with a 166, 
31^ inch needle, 1 cc of whole blood was added to the 
top of the fiber column and allowed to percolate 
through. This took about 10 minutes at 37°. Each 
sample was done in triplicate. All readings were done 
by one person who was not aware of the source of the 
blood being tested. The cell count in the remaining 
blood not passed through the column was determined 
by means of an automatic cell counter (Coulter Counter 
Model Zp, Coulter Electronics Inc.) The cell count 
was similarly determined in the three effluents and 
averaged. The neutrophil adherence was thus deter- 
mined as a percentage using the formula: 
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% Neutrophil Adherence 


2 Control WBC — Effluent WBC 


x 100 
Control WBC 


The adherence system for purified neutrophils was 
similar except that neutrophils were separated from 
whole blood as described above. While this was being 
done, a 1 cc tuberculin syringe as for the whole blood 
adherence assay was packed with 5 mg of fiber, ac- 
curately weighed on an analytical balance. The fiber 
was prewetted with MEM pH 7.4 and packed as tightly 
as possible at the bottom of the syringe. The columns, 
standing in borosilicate glass tubes and the cell sus- 
pension to be tested were prewarmed to 37°. The ad- 
herence of the purified neutrophil suspension was then 
determined similar to that for neutrophils in whole 
blood. 


Neutrophil Chemotaxis 


Chemotaxis was carried out using a modified Boyden 
technique! and the leading front method of Zigmond 
and Hirsch? in Sykes-Moore tissue chambers. Briefly, 
150 u thick 3 p pore size filter (millipore) was used to 
separate the chamber into upper and lower com- 
partments closed off by rubber gaskets and round glass 
coverslips. Using 25 G needles the attractant casein 
5 mg/ml (Hamerstein) in MEM pH 7.4 was injected 
into the lower chamber and the neutrophils to be tested, 
prepared as before and resuspended in MEM pH 7.4, 
were added to the upper chamber. The chambers were 
incubated at 37? for 90 minutes. The filters were then 
removed, fixed and stained.'^ After clearing in xylene 
they were examined under high power and using a 
micrometer rack, the distance migrated by the leading- 
front cells into the filter was measured. Five random 
fields were checked for each filter and three chambers 
were examined for each experimental point. Chemo- 
tactic migration distance reported is the mean and 
standard deviating of these values, unless otherwise 
indicated. All the filters were read by one person in 
a blind fashion. Under these experimental conditions 
the PMN is the only cell type that shows any signifi- 
cant migration and is easily distinguishable by its 
multilobed nucleus. 


Effects of Drugs, Plasma or Serum 


The effect of hydrocortisone, ascorbic acid, ethanol, 
acetylsalicylic acid (ASA) and levamisole-HCl on PMN 
function was studied in vitro. The drug was added 
directly to an aliquot of whole blood at the desired 
concentration and then the adherence was determined 
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Fic. 2. The relationship between fiber weight and neutrophil ad- 
herence in the whole blood system (2a) and the purified neutrophil 
system (2b). 


after 30 minutes incubation. In cases where the drug 
alone was to be tested against neutrophils free of blood 
components, the drug was added to the final resus- 
pending medium in most cases MEM, at the desired 
concentration. 

Purified neutrophils were also resuspended in plasma 
or serum from normal or anergic patients. After a 30 
minute incubation the adherence was measured in the 
purified neutrophil system. A similarly treated aliquot 
of neutrophils was also assayed in the chemotaxis 
measuring system. 


Results 


Neutrophil adherence was proportional to the fiber 
weight in both systems and exhibited a nonlinear re- 
lationship (Figs. 2a and b). The fiber weight of 5 mg for 
the purified neutrophil system gave a control neutro- 
phil adherence of 72.7 + 5.7% (n = 21, mean + SD). 
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Tasie I. Dav to Day Variation in the Purified Leukocyte 
Adherence of Control Subjects 








Subject Day | Day 2 Day 3 Day 4 Day 5 
N.C 76%% 74% 71 716€ 726€ 
LH 12% 74% 72% 69% — 

706; 73% — 73% 75% 


The comparable fiber weight for the whole blood 
system was found to be 30 mg and gave a control ad- 
herence of 71.5 + 3.8% (n = 21). Variations in the 
cell concentration from | x 10° to 50 x 10° neutro- 
phils/cc in the purified neutrophil system resulted in 
all adherence values falling within the 95% confidence 
limits of the control. Variation of the pH of the re- 
suspending medium showed linear constant adherence 
between pH 6 to 7.8. The adherence became markedly 
decreased above pH 8.5. 

Day to day variation in control subjects is shown 
in Table 1 for the purified adherence system. Similar 
results were obtained with the whole blood system. 
The effect of glycolytic inhibitors and cation chelators 
on adherence and chemotaxis of PMNs from controls 
and patients with skin test anergy is shown in 
Table 2. 

In order to ensure that measurements of neutrophil 
adherence using the two systems was indeed repre- 
sentative of granulocyte adherence, the PMNs were 
separated from mononuclear cells using ficoll-hypaque 
gradients in six control subjects and then measure- 
ments of the adherence of these PMNs were made using 
5 mg columns. The mean adherence was 73.7 + 5.9%, 
which did not differ significantly from the mean labora- 
tory normal control adherence, measured with the 
whole blood system (72.7 + 5.7%), or the purified neu- 
trophil system (72.4 + 4.4%). Differential counts per- 
formed manually on five adherence samples gave a 
PMN adherence of 72.4 + 5.1%. 


TaBLE 2. Effect of Glvcolytic Pathway Inhibitors on Leukocyte 
Adherence from Control and Anergic Surgical Patients 
(Purified Neutrophil System) 





Neutrophil 


Chemotaxis Adherence 
Source Treatment (2) (Per Cent) 
Control MEM 125.0 + 0.28 67 
Control Potassium Fluoride 
0.1 M 6.2 + 0.14 31 
Control EDTA 0.1% 6.1 + 1.0 18 
Anergic MEM 91.7 + 0.42 89 
Anergic Potassium Fluoride 
0.1 M 7.5 + 0.42 22 
Anergic EDTA 0.1% Tue 13 17 


CHRISTOU AND MEAKINS 


Ann. Surg. e November 1979 


Table 3 shows the cumulative results of adherence 
measurements with the whole blood system as well 
as simultaneous neutrophil chemotaxis in all subjects 
tested. The 21 laboratory controls had two or 
more different determinations (n = 54) during the 
course of this study and the mean adherence ( € SD) 
of these readings was used as the laboratory control 
neutrophil adherence. Similarly the laboratory control 
of neutrophil chemotaxis was set at 128.1 + 2.4 u 
(mean + SD). Fifty-four hospitalized patients who 
demonstrated normal skin test response had a slight 
reduction in neutrophil chemotaxis. Their adherence 
was 72.5 + 13.1%. These patients showed a wide 
standard deviation because some of them had an 
evolving hospital course. Some deteriorated after they 
were studied, and some were recovering both their 
health and skin test response. Twenty-three relatively 
anergic patients had a significantly increased ad- 
herence from the laboratory normal control and the in- 
hospital normals, and similarly 45 anergic patients had 
significantly increased adherence compared to the 
laboratory controls and in-hospital normals (p « 0.001) 
but not the in-hospital relatively anergic population. 
Eighty-four surgical patients who had simultaneous 
measurements of neutrophil adherence and chemo- 
taxis, are shown in Figure 3. The regression equation 
is Y = 137.7 — 0.51X with a correlation coefficient, 
r = 0.81. This is highly significant with p < 0.0005. 

The effect of serum and plasma on the adherence of 
purified normal control neutrophils was assessed using 
this system. In aliquots of 15 x 105 cells, MEM was 
removed by centrifugation and the cells were resus- 
pended in 3.5 ml of normal control serum, normal con- 
trol plasma, anergic serum, or anergic plasma. Serum 
and plasma from four different normal and anergic pa- 
tients was used. One aliquot was resuspended in MEM 
only, as a control. After a 10 minute incubation the 
adherence was measured with 5 mg columns. Neutro- 
phil chemotaxis was assessed simultaneously. The 
anergic serum donors (n = 4) demonstrated a mean 


TABLE 3. Relationship Between Whole Blood Neutrophil Adherence, 
Chemotaxis and Skin Test Response in Laboratory Controls 
and Hospitalized Surgical Patients 





Number 
Source of of Skin Chemotaxis 
Blood Patients Test (2) Adherence % 
Laboratory 
controls 21 N 128.1 22.4. 71.5 € 3.80% 
Hospitalized 54 N 123.2 + 3.1 72.5 + 13.1%* 
Surgical 23 RA 1037 2 20: BrE KY 
Patients 45 A 90.4 + 2.9 85.0 + 70*** 


* vs, *** p < 0,001, Student's t test. 
* vs, ** p — 0.5, Student's t test. 
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autologous neutrophil adherence of 90.3 + 1.3% and 
chemotaxis 93.7 + 4.5 u, both significantly abnormal. 
Table 4 shows that normal neutrophils resuspended 
in MEM showed the expected adherence of 72.3 
t 4.4% as well as normal chemotaxis. Resuspension 
in normal serum or serum from patients with skin test 
anergy demonstrated no significant changes in the 
adherence though the chemotaxis of the normal cells 
dropped to 94.7 + 4.5 u after treatment with anergic 
serum. Resuspension of normal neutrophils in normal 
plasma gave an adherence that was different from cells 
without treatment with plasma as measured with the 
purified neutrophil system. However, resuspension of 
normal cells in plasma from the four anergic patients 
demonstrated a significantly increased adherence of 
74.5 + 11.396 over the normal plasma treated cells 
and decreased chemotaxis of 93.3 + 2.7 u. 

A number of drugs were investigated for their ability 
to alter neutrophil function in vitro. Hydrocortisone 
sodium succinate (Fig. 4) had no effect on concentra- 
tions from 0 to 5 mg/dl on either measurements from 
normal or anergic patients. Ascorbic acid (Fig. 5) at 
0 to 5.0 mg/dl also had no effect. Ethanol (Fig. 6) at 
levels 0—1 g/dl was found to markedly affect both 
the chemotactic behavior and adherence of control and 
anergic neutrophils. Two other drugs were tested in 
vitro. Acetylsalycilic acid (ASA) at 0 to 12 x 10^? M, 
was found not to alter neutrophil adherence measured 
with the whole blood system. The mean adherence of 
11 patients (3N, 2RA, 6A) was 79.8 + 8.5% before 
ASA treatment and 76.4 + 8.6% after, which is not 
different (p — 0.5). When the PMN chemotaxis of pa- 
tients with skin test anergy was measured after treat- 
ment with ASA in vitro, there was a partial correction 
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Fic. 3. The correlation between increased neutrophil adherence and 
decreased neutrophil chemotaxis in anergy. The regression line and 
95% confidence limits are shown as dark solid and light solid lines 
respectively. 
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TABLE 4. Effect of Treating Normal Control Neutrophils with 

Serum or Plasma from Normal Controls and Anergic Surgical 

Patients (Data are Mean * SD of Treatment of Same Neutrophils 
with 4 Different Anergic Sera and Plasma Samples) 


Treatment of Chemotaxis Adherence 
Cells (p) (96) 
MEM 128.6 * 2.6 72.3 x 4.4 
Normal serum PIA eae 66.7.2 25" 
Normal plasma ATÆ S 24.0 + 6.0** 
Anergic serum 94.7 + 4.5 68.8 + 4.5* 
Anergic plasmat 93.3 2 2.7 74.5 x 14.3** 
* p~ 0.5. 
** p < 0.001. 


* Mean adherence of the four anergic plasma donors was 
90,5 + 1.3%. 


of the defect (Fig. 7). Levamisole-HCl was added 
directly at 107? to whole blood. The mean whole blood 
adherence of 9 patients (IN, 4RA, 4A) was 80.2 
+ 4.7% before levamisole treatment and 81.0 + 6.5% 
after (p ~ 0.5). Individual patients also showed no 
significant differences. Neutrophil chemotaxis, how- 
ever, was corrected to normal. 


Discussion 


There are three basic techniques to measure neutro- 
phil adherence in whole blood. The technique de- 
scribed herein offers some advantages. Garvin's 
technique? is cumbersome and somewhat outdated. 
The technique of Bryant and Sutcliffe? is more re- 
fined and measures the adherence of leukocyte rich 
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plasma suspensions which corresponds to the "'puri- 
fied" leukocyte adherence in plasma reported herein. 
However, their technique does not allow for measure- 
ment of neutrophil adherence in whole blood. The tech- 
nique of McGreggor et al.’ and Strecher and Chinea? 
is similar in that nylon fiber columns are used, however, 
both measure neutrophil adherence in whole blood 
and not in purified neutrophil suspensions free of 
blood products. With the modified technique it is 
possible to measure both whole blood adherence and 
purified leukocyte adherence from the same individual 
for better comparisons, experimental flexibility and to 
insure that experimental artifacts such as that intro- 
duced by purification of the leukocytes or by the 
presence of other blood elements such as drugs or 
autologous serum have been minimized. 

This technique is simple and requires readily avail- 
able equipment. Great care must be taken to weigh 
accurately the 5 mg fiber aliquots. The flow rate is 
kept constant by means of the 25 G needle. The Coulter 
Counter allows up to 150 readings a day which means 
up to 50 patients or experimental points in triplicate 
can be tested. The day-to-day variation in controls is 
constant in both the whole blood adherence system 
and the purified leukocyte adherence system. The re- 
liability of the method has been tested by introducing 
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metabolic inhibitors to reproduce the data of previous 
investigators. With the type of fiber used, a linear 
relationship of fiber weight versus cell adherence as 
found by MacGreggor et al’ could not be demonstrated. 
Rather, a curve resembling an enzyme kinetics plot was 
generated. The number of cells/column in the purified 
neutrophil system, a variable which is uncontrollable 
in the whole blood system gives constant adherence in 
the range used, between I x 10° and 50 x 10° cells/ 
column ensuring reproducibility. 

Using these modified adherence assays an increase 
in the adherence of neutrophils from patients with 
coexisting decrease in neutrophil chemotaxis and 
cutaneous anergy has been demonstrated. The associa- 
tion between cutaneous anergy and altered neutrophil 
function was not absolute. Previous work on trauma 
patients! demonstrated a two week "lag phase" 
between changes in skin test response and neutrophil 
function. Usually the skin test response returned to 
normal when the patient's condition improved and then 
improvement of chemotaxis followed approximately 
two weeks later. The same was observed here in 
sequential mesurements of ST response neutrophil 
adherence and chemotaxis. The high correlation be- 
tween increased neutrophil adherence and decreased 
neutrophil chemotaxis has been demonstrated. Resus- 
pension of washed normal control neutrophils in 
autologous plasma reduces their adherence from the 
value when the same cells are resuspended in MEM 
alone, indicating that factors exist in plasma that were 
washed off during the preparation of the cells which 
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Fic. 7. The effect of acetyl 
salicylic acid on the chemo- 
taxis of neutrophils from an 
anergic patient. Normal 
neutrophil chemotaxis was 
not altered. The mean SD 
of the normal laboratory 
control neutrophil chemo- 
taxis and anergic neutrophil 
chemotaxis based on an 
earlier set of measurements 
is shown by the solid and 
light lines respectively. 
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are capable of modulating cell adherence. A factor 
exists in the plasma and not the serum of patients with 
increased neutrophil adherence which increases the 
adherence of normal heterologus neutrophils to nylon 
fiber. Similar findings of a plasma augmenting effect 
are reported by Bryant and Sutcliffe.? McGreggor® 
also reported increased granulocyte adherence in pa- 
tients with inflammatory disease and localized the ad- 
herence augmenting factor in the plasma but not the 
serum of such individuals. Inhibitors of neutrophil 
chemotaxis, which are cell directed, are found both in 
serum and plasma of patients with decreased autolo- 
gous neutrophil chemotaxis.? The factor which en- 
hances normal neutrophil adherence is found only in 
the plasma of patients with increased autologous 
neutrophil adherence. The two modulators of neutro- 
phil function must be different. 

The effect of the various drugs on the adherence 
of neutrophils in vitro did not reveal any one agent 
suitable for clinical trials to modulate neutrophil func- 
tion. McGreggor also obtained similar results with ASA 
and prednisome in vitro. ASA may deserve in vivo 
trials since it also modulates neutrophil chemotaxis. 
However, caution must be exercised in giving this to 
severely ill patients, because of the risk of gastro- 
intestinal hemorrhage and platelet effects. The im- 
munomodulator levamisole, has been shown here 
and elsewhere* to significantly improve neutrophil 
chemotaxis in vitro. Though it has no effect on neu- 
trophil adherence, it may be the best agent, from those 
available at this time to use in attempts to correct de- 
pressed neutrophil function in vivo. 

The finding of cutaneous anergy, increased neutro- 
phil adherence and decreased neutrophil chemotaxis 
in surgical patients has prognostic significance on 
clinical outcome. A study of 254 surgical patients with 


NEUTROPHIL FUNCTION 


563 


Normal neutrophils 
+SD (n=35) 


Anergic neutrophils 
+SD (n=27) 


— SS ——3À NS ME AN penen NS 


TREN RE RES 


O 1.0 
( ASA )« 10- 95M 


3.0 6.0 12.0 


detailed sequential chemotactic measurements, dem- 
onstrated that the worse the chemotactic migration of 
neutrophils during a patient's hospital course, the higher 
was the rate of sepsis and mortality.? Similar findings 
using skin test anergy screening have been shown.?!? 
Assessment of PMN adherence is a simple determina- 
uon. Its close relationship to skin test anergy and 
PMN chemotaxis make it an inexpensive and easy 
assay of PMN function. As such it may have applicabil- 
ity in centers where research PMN tests are not 
available. 

The demonstration in this paper of increased neu- 
trophil adherence which has a high correlation with de- 
creased neutrophil chemotaxis is significant, in that 
this abnormality may play a role in altering the immune 
defense mechanisms of surgical patients perhaps pre- 
venting cells from getting into the extravascular 
space of the host. They may also be more adherent to 
the fine fibrilar lattice framework of the ground sub- 
stance. Both these effects may serve to decrease de- 
livery of appropriate cells to the inflammatory focus. 
It is also conceivable that these are normal responses 
of inflammation. The clinical finding however, of sig- 
nificant septicemia and abscess formation in patients 
with these defects is well established. The high asso- 
ciation of the two though not proving a cause and effect 
relationship, is highly suggestive. Studies are under- 
way at our institution to elucidate these points and to 
find means of modulating depressed neutrophil func- 
tion in vivo in efforts to improve the dismal clinical 
course of such patients. 
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The Absence of Protein -sparing Effects Utilizing Crystalline 
Amino Acids in Stressed Patients 


NATHANIEL CHING, M.D., CHRISTOPHER J. MILLS, M.D., CARLO GROSSI, M.D., JOHN W. ANGERS, M.D., 
GULAB JHAM, M.S., HELEN ZURAWINSKY, B.S., THOMAS F. NEALON, JR., M.D. 


The protein-sparing effects of the peripheral infusion of 
crystalline amino acids (PAA) was studied metabolically in 
selected surgical patients subjected to various degrees of stress. 
Twenty-one patients (sixteen cancer patients receiving chemo- 
therapy and/or radiotherapy, three with major abdominal 
traumatic injuries and four with paralytic ileus} were in- 
fused with 2 1/24 hours of a solution of 4.2% Travasol amino 
acids with only 5% glucose as a source of nonprotein calories. 
One-half of the cancer patients were also allowed ad libitum 
oral intake of a regular hospital diet or Vivonex-HN®. The 
nutritional status was evaluated by measuring changes in body 
weight, serum albumin levels and nitrogen balance. Body 
weight decreased in only the trauma patients. When these 
solutions were the sole source of nutrients all patients were in 
negative nitrogen balance and had significant decreases in their 
serum albumin levels. Serum albumin levels were preserved 
only when extra sources of calories were provided. The in- 
fusion of the crystalline amino acids without adequate levels 
of nonprotein energy did not conserve protein in these 
stressed patients. 


HE PROTEIN-SPARING effects of the peripheral in- 
fusion of crystalline amino acids (PAA) was 
studied metabolically in selected patients subjected to 
varying degrees of stress and resulting catabolic 
activity. The study was initiated to determine the ef- 
ficacy of infusing only the amino acids without high 
concentrations of glucose as the nonprotein energy 
source. These solutions are isotonic which allows them 
to be infused via a peripheral vein; the dangers of use 
of the central subclavian catheter can be avoided. 
These solutions are now available commercially and 
their use may become more widespread. 
This simpler and safer nutritional technique would 
offer application to greater numbers of patients. How- 
ever, the enhancement of nitrogen retention, weight 
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gain and increase in albumin levels should be com- 
parable to the standard total parenteral nutrition tech- 
niques as outlined by Dudrick.* 

The peripheral infusion of an isotonic crystalline 
amino acid mixture to provide protein sparing was first 
proposed by Blackburn and associates. They reported 
that protein-sparing was accomplished by utilizing the 
body's fat stores as an energy source; positive nitro- 
gen balance was observed when unesterified fatty acids 
were elevated. The data of other investigators did not 
completely substantiate these findings.??:!?:/!5 Tweedle 
and associates, employing extensive and compre- 
hensive metabolic studies on normal fasting individuals 
demonstrated significant negative nitrogen balance 
during the infusion of only the crystalline amino 
acids and expressed the belief that any technique 
unable to maintain zero nitrogen balance would be 
unlikely to do so under the condition of stress. Our 
purpose was to test the use of these solutions in con- 
ditions of reversible stress and in cancer patients in 
which the stress was not readily reversible. 


Methods 


Patient Population 


Three groups of patients representing commonly 
observed levels of stress were selected for trial in- 
fusions of the crystalline amino acids with only 5% 
glucose as a source of nonprotein energy. 


Group I Severe abdominal injury secondary to 
multiple gunshot wounds to the abdomen 
(two patients); severe liver crush injury 
(one patient). 

Group II Paralytic ileus secondary to perforated ap- 


pendicitis (three patients); partial obstruc- 
tion due to adhesions (one cancer patient). 
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TABLE 1. Cancer Patients! Primary Site 








PAA PAA Plus Energy 
Gastrointestinal tract 5 2 
Pharyngeal/laryngeal 2 3 
Breast/lung i i 


Group IIIA Cancer patients undergoing chemotherapy 
and/or radiotherapy treatments whose nu- 
tritional needs were met primarily by in- 


fusion on the amino acid mixtures, use of 


the oral route was impaired by the pres- 
ence of their cancerous condition (eight 
patients). 

Group HIB Another group of cancer patients similar to 
those in IHA, who in addition to the in- 
fused crystalline amino acid solution, were 
also allowed whatever food they could 
take 1) orally, 2) via nasogastric tube 
or could be infused with one unit per day of 
Intralipid (eight patients). 


The primary sites of the cancers in the patients with 
recurrent or metastatic disease are outlined in Table 1. 
Tumors of the gastrointestinal tract and head and neck 
tumors formed the bulk of cancer patients tested. All 
were advanced in Stage III or IV. Treatment con- 
sisted of chemotherapy (Price-Hill chemotherapy 
protocol — Vincristine, Methotrexate, Bleomycin, 
Hydrocortisone, 5-Fluorouracil and Leucovorin rescue) 
and/or standard radiotherapy treatment. 


Nutritional Evaluation 


Nitrogen balance. The nutritional status was eval- 
uated by the weekly determination of serum albumin 
and body weight. Urine was collected over a 24 hour 
period twice a week for determination of the total 
creatinine and urea nitrogen content in the hospital's 
clinical laboratory. Nitrogen balance was estimated 
using the following formula,!'? 


Urea Nitrogen 


AN = Nitrogen intake — à 
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Amino acids. Plasma amino acids were determined 
by gas chromatography techniques" twice a week in 
three trauma patients and ten cancer patients. 

Fatty acids. Blood was collected simultaneously 
with the amino acid samples and analyzed for the 
unesterified fatty acid contents. The serum unesterified 
fatty acids were extracted from serum utilizing Dole's 
solution? and then methylated for gas chromatography 
analysis. 


Nutritional Regimens 


The solutions employed were prepared by mixing 
500 ml of 8.5% Travasol (Travenol) with 500 ml of 10% 
G/W. This mixture results in 1000 ml of a 4.25% amino 
acid solution (7.15 g Nitrogen) with 595 glucose. Two 
liters of the solution were infused daily for 5-26 days. 
The routine technique was used for limited periods 
in the trauma patients. It was changed when balance 
studies demonstrated severe negative nitrogen balance 
indicating the need to provide more calories in order 
to prevent further deterioration. The deficit was made 
up with nonprotein calories. 


Results 


The nutritional evaluations are summarized in 


Table 2. 
Nitrogen Balance 


The progression of nitrogen balance is illustrated in 
Figure 1. All the subjects receiving the isotonic 
crystalline amino acids with only small amounts of 
nonprotein calories had negative nitrogen balances. 
The greatest loss of nitrogen was observed in the 
severely injured trauma patients (—8 to —16.7 gN,/24 
—12.1 + 3.7). The paralytic ileus group of patients had 
lower levels of negative nitrogen balance (—2.5 € 2.1 
gN,/24 hrs.). The cancer patients receiving only the 
crystalline amino acid solutions (Group IIIA) were in 
negative nitrogen balance (-2.0 + 1.4 gN,/24 hrs.). 
Nitrogen balance was not calculated for the group 
HIB cancer patients. 


TABLE 2. The Effect of PAA on Weight Change, Nitrogen Balance, and Serum Albumin (Mean Value = S.D.) 








No. Duration 

Group Patients in Days 
I Trauma 3 5-10 
H lleus 4 9-13 
HA Cancer (PAA) 8 8—16 
HIB Cancer (PAA plus energy) 8 8-26 


tttm 





Nitrogen Serum Albumin (g/dl) 

Per Cent Balance ent À—— 
Weight Change (g/24 hrs.) Before After 

—12.5 + 2.5 — 12.1 + 3.77 3.7+0.2 2.9 + 0.34 

—3.0 + 2.6 —2.5 + 2.1f 3.7404 3.3 = 0.24 

—1.8 + 38 —2.0 + 1.47 3.5 +04 3.1 + 0.4% 
+O.) + 3.7 — 34204 3.3 + 0.5 





Nitrogen intake not measured in Group IIIB. *p < 


05. tp < .01. ip < .01 — combining serum albumin data of Group I and Group II. 
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Serum Albumin 


The greatest changes in serum albumin were ob- 
served in the trauma patients, from 3.7 g/dl to 2.9 g/dl 
during the early period after suffering their injuries. 
The ileus patients’ average serum albumins also de- 
creased, 3.7 g/dl to 3.3 g/dl. The serum albumin of the 
cancer patients infused with crystalline amino acids 
alone (Group IIIA) decreased from 3.5 g/dl to 3.1 
g/dl (p « .05) after the infusion compared to minimal 
changes 3.4 to 3.3 g/dl (p > .50) in those cancer patients 
receiving crystalline amino acids and supplemental oral 
nutrition (Fig. 2). 


Weight Changes 


Although the observation periods were of short 
duration the trauma patients (Group I) lost 10.7 to 
14.3% of their admission weights. There appeared to 
be no significant weight changes in Groups II, IIIA 
and IIIB. The patients with the reversible paralytic 
ileus conditions (Group II) lost 0-5% of their baseline 
weights. The cancer patients receiving minimal sup- 
plemental (Group IIIA) energy had —6.2 to +2.5% 
(Avg. = —1.896j weight changes during their periods 
of infusions; those receiving supplemental energy 
(Group HIB) had —4.5 to +5.7% (Avg. = 40.192) 
weight changes. 


Plasma Amino Acids 


The amino acid levels measured were best in- 
terpreted as serial measurements in conjunction with 
corresponding serial measurements of serum albumin 








24 
Days 


levels and urea nitrogen excretion levels. Normal 
levels of alanine and the branched-chain amino acids 
(Valine, Leucine and Isoleucine) were observed dur- 
ing the early phases of infusions with the amino acid 
solutions. However, by the first five to seven days these 
amino acid levels had deteriorated to low normal or 
below normal levels; the corresponding serum al- 
bumin levels decreased and urea nitrogen was excreted 
in excess of infused nitrogen content. In the absence 
of sufficient nonprotein calories the infused amino 
acids were not incorporated into synthesis of serum 
albumin or other proteins but were probably metab- 
olized to an excretable form of nitrogen (urea). This 
is illustrated by examining the metabolic flow sheet 
of one of our cancer of the lung patients (Fig. 3). 
The amino acid levels were preserved better when 
adequate levels of calories were provided. The hy- 
droxyl containing essential amino acid, Threonine, was 
also found to be deficient in some patients who could 
not preserve their serum albumin levels. 


Serum Unesterified Fatty Acids 


The normal levels of the unesterified fatty acids in 
our laboratory based on 129 healthy outpatient de- 
terminations showed wide variability. TFA (Total fatty 
acids) = 1.9 + 1.1 mEq/ml, C18:1 = .42 + .41 mEq/ml 
and C18:2 = .47 + .44 mEq/ml, (X + S.D.). The trauma 
patients early in their course showed slight elevations 
of TFA (2.6 + .8) and C18:1 (.80 + .35) compared to 
the normal population levels. The cancer patients re- 
ceiving only the infusions of amino acids had essentially 
normal levels of TFA (1.9+.5 mEq/ml), (.56 + .09 
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Gram % 3.5 
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mEq/ml) and C18:2 (.60 + .24 mEq/ml) fatty acids be- 
fore the infusions; and there was a small but significant 


decrease in the C18:2 fraction (.6 to .4, p < .05) after 


the infusions. The cancer patients receiving supple- 
mental diets also had normal levels of these fatty acids 
but no significant changes (in any of these three frac- 
tions) after the infusion of the solutions. No significant 
identifiable patterns of change were noted except for 
the decrease in the essential fatty acid, C18:2, noted 
in the Group IIIA cancer patients. 


Discussion 


This study was undertaken to evaluate the efficacy 
of the peripheral infusion of crystalline amino acids in 
maintaining the nutritional status of stressed patients 
before permitting more widespread use of the tech- 
nique in our patients. Our nutritional support therapy 
program has employed total parenteral nutrition when 
gastrointestinal function is abnormal and/or gastroin- 
testinal intake is inadequate to supply the required 
nutritional needs of the patient; however, we convert 
over to the use of an elemental diet (Vivonex-HN, 
Eaton Laboratories) as soon as the patient can tolerate 
it. These techniques have both demonstrated to en- 
hance nitrogen retention, weight gain and serum al- 
bumin improvement in the majority of our patients.! ^ * 
Analysis of the nutritional evaluation data of the pa- 
tients infused solely with the crystalline amino acids 
revealed that this simpler technique was not able to 
produce comparable effects in our stressed patients. 

Our cancer patients, depending on their primary site 
or state of the disease, represent special problems re- 
quiring more specially designed diets to maintain their 
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Fic. 2, The serum albumin 
levels in cancer patients. 
Two liters of crystalline 
amino acids with 5% glu- 
cose were infused daily. The 
group on the left (No 
Energy) was maintained 
solely with these solutions. 
The group on the right 
(plus energy) were also al- 
e lowed whatever food they 
& eee could take orally or could 
et be infused with | unit/day 
e," a eee of Intralipid. The average 
e e albumin levels (A) in the 
e former group decreased 
o from 3.5 gdi to 3.0 g/dl 
when no significant levels 
of nonprotein calories were 
provided. The serum al- 
bumin levels were pre- 
served in the group re- 
ceiving adequate energy 
sources. 


Survivor e 
Death o 


Plus Energy 


nutritional status. Our standard total parenteral nutri- 
tion and elemental diet protocols suffice to maintain 
and improve the nutritional status of the cancer pa- 
tients requiring primary surgical therapy, which gen- 
erally succeeds in removing the tumor mass or any 
obstruction to adequate oral intake. Adequate pre- 
operative nutritional therapy, not only improves the 
anthropometric and biochemical parameters of their 
nutritional status but also reverses the anergic state 
(PPD, Mumps, Trichophyton and Candida represent 
our standard anergy screening profile—the mumps 
antigen has been recalled and 1s not available for use 
at present) which we have noted in many of our pre- 
operative patients. 

The cancer patient with unresectable. recurrent or 
metastatic disease who will receive stressful chem- 
otherapy or radiotherapy has proven more of a chal- 
lenge to our efforts. They present special problems 
in addition to their nutritional needs. Primarily, there 
is patient denial of decreased nutritional impairment 
or deficiency, and patient or referring physician 
reluctance to accepting the inconvenience or risk of 
nasogastric feeding tubes or subclavian catheters. We 
were attempting to develop techniques to best re- 
habilitate these patients with the least disruptive as- 
pects of their usual routines of life and psychological 
well-being. The use of simple peripheral infusions of 
amino acids in these hospitalized patients would be 
less of an insult on these patients. Unfortunately, the 
sole use of peripheral infusion technique did not con- 
serve the nutritional status of these cancer patients 
unless adequate levels of nonprotein calories were 
simultaneously provided. 

The technique of the infusion of peripheral amino 
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acids may still be of value as a supplement to the 
oral intake of cancer patients undergoing the stress of 
chemotherapy or radiotherapy. We are now routinely 
skin testing these patients with standard antigens in 
addition to our biochemical nutritional evaluations. 
One of our patients with metastatic adenocarcinoma 
to the liver had decreasing serum albumin levels and 
no response to her chemotherapy treatments while 
being maintained on a standard diet. She was "skin 
test negative" during this period but after a course of 
crystalline amino acid plus Intralipid infusions in addi- 
tion to her oral diet, converted to positive skin test 
reactions. Her serum albumin decline leveled off and 
her negative nitrogen balance improved. She sympto- 
matically responded to her chemotherapy treatments 
and her skin tests remained positive thereafter. Her 
serum albumin increased to normal levels after her oral 
intake was supplemented with the elemental diet 
Vivonex-HN. A combination of these three diets to- 
gether proved efficacious in supporting her nutritional 
status rather than relying on only one technique. 

The nutritional effects of the PAA technique reported 
from other laboratories, are conflicting. Schulte and 
associates!’ note positive nitrogen balance; Freeman 
and associates?! note negative nitrogen balance when 
| g/kg of amino acids was infused but positive nitrogen 
balance when 1.7 g/kg was infused (596 solution in- 
fusions). Skillman'* notes increased albumin syn- 
thesis in spite of decrease in albumin levels with the 
infusion of only amino acids. Most of the studies? 19 9»!5 
however, indicate negative nitrogen balance with the 
infusion of amino acids, although the negative bal- 
ance was of a lesser magnitude when compared to the 
use of only 5% G/W as a source of nutrition. 

This present study confirms the principles taught us 
by nutritionists, i.e. the proper utilization of nutrient 
protein requires provision of a critical level of non- 
protein calories. If this type of calories is not provided 
then gluconeogenesis will become evident. Depres- 
sion of serum albumin, representative of depression 
of visceral protein and inability to maintain positive 
nitrogen balance signify failure to conserve body pro- 
tein mass. There were minimal changes in body weight, 
probably because of the short periods of observation. 
Although normal levels of amino acids can be ob- 
served after the amino acid solution infusions, these 
levels decreased after the initial periods; the elevated 
levels of urinary nitrogen coincident with the infusion 
of decreases of amino acid levels observed suggest 
increased metabolism of these amino acids into urinary 
excretion products rather than utilization in protein 
production. 

The infusion of these crystalline amino acid solu- 
tions without adequate levels of nonprotein calories 
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Fic. 3. Metabolic flow-sheet of a lung cancer patient infused 


with only crystalline amino acids. The patient. was undergoing 
palliative radiation therapy and chemotherapy (C.) at the intervals 
denoted at the top of the graph. Serial measurements of 1) 
serum albumin levels, 2) the branched-chain amino acids (valine, 
leucine and isoleucine whose normal levels are depicted by the 
vertical bars) and 3) urinary urea nitrogen excretion (filled vertical 
bars) are plotted with respect to time. Initially adequate levels of 
these amino acids were observed with the start of the infusions. 
However these amino acid levels then deteriorated to low normal 
or below normal levels. Rather than being incorporated in protein 
synthesis the amino acids appeared to be metabolized and excreted 
as urea nitrogen. 


represent a wasteful expenditure of nutrients and med- 
ical care expense. According to Caldwell and asso- 
ciates? there must be greater than 35 kcal/kg body 
weight of nonprotein calories provided before positive 
nitrogen balance can be achieved. The metabolic 
activity of the patient will certainly affect this level. 
The means of providing these levels of calories may 
vary and will be responsible for success in a variety 
of conditions, provided adequate caloric levels are 
provided. 
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Plasma Amino Acids as Predictors of the 
Severity and Outcome of Sepsis 


HERBERT FREUND, M.D., SUSAN ATAMIAN, R.N., JANE HOLROYDE, B.Sc., JOSEF E. FISCHER, M.D. 


Sepsis is a major catabolic insult resulting in a peripheral 
energy deficit which is made up in part by increased break- 
down of lean body mass and oxidation of amino acids, prin- 
cipally the branched chain amino acids. The prognosis in any 
given case of sepsis is difficult to predict, but should theo- 
retically be related to the degree of disturbance in periph- 
eral energy deficit, which may in turn, be related to plasma 
amino acid pattern. In order to study whether this hypothesis 
was correct, plasma amino acids and some of their metabolic 
byproducts, the beta-hydroxyphenylethanolamines, were 
studied in 25 septic patients, and were used as discriminant 
variables in a series of computer performed discriminant analy- 
ses and multiple regressions. The two functions tested were 
the degree of metabolic septic encephalopathy as a determinant 
of the severity of sepsis and the final outcome in the septic 
patient. Plasma amino acid patterns exhibited elevated levels 
of the aromatic and sulfur containing amino acids, phenyl- 
alanine, tryosine, tryptophan, methionine, cysteine, and 
taurine, normal concentrations of alanine, and low normal 
concentrations of the branched chain amino acids, valine, 
leucine and isoleucine. Arginine levels, as previously noted, 
were very low. Patients not surviving the septic episode ex- 
hibited higher concentrations of aromatic and sulfur contain- 
ing amino acids, while patients surviving sepsis had higher 
concentrations of the branched chain amino acids and arginine. 
When the degree of encephalopathy as a determinant of the 
severity of sepsis and step wise discriminant analysis with 
multiple crescent techniques were used, the best discriminant 
function between patients with and without encephalopathy 
was found to result from the interaction of cysteine, 
methionine, phenylalanine, isoleucine, leucine. and valine. 
These amino acids gave a correct classification in 82% of pa- 
tients with no encephalopathy, and 80% of patients with 
septic encephalopathy. When the same amino acids were used 
for the discriminant analysis for patients dying of sepsis and 
patients surviving, the best discriminant function was achieved 
by using plasma concentrations of alanine, cysteine, methionine, 
isoleucine, arginine, tyrosine and phenylalanine resulting in 
91% of the nonsurvivors, and 79% of the survivors correctly 
classified. The results suggest a close and significant relation- 
ship between the deranged energy metabolism and muscle 
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protein breakdown in sepsis, and the outcome. This further 
suggests a central role for certain amino acids in perhaps pre- 
dicting the severity of sepsis and its outcome. 


HE METABOLIC CONSEQUENCES of infection and 
T sepsis have been the subject of increased interest 
in recent years. Characteristically, in sepsis, proteoly- 
sis and negative nitrogen balance are accompanied by 
the suppression of lipolysis?*!5 and a diabetic-type 
glucose tolerance curve with insulin resistance and de- 
creased ability to oxidize glucose in the periphery.?'!! 
This peripheral energy deficit is generally made up by 
the increased breakdown of lean body mass and the 
oxidation of amino acids, particularly the branched 
chain amino acids.'® 

In a prior preliminary study of 15 septic patients 
we defined a characteristic plasma amino acid pattern 
with the following components: an increase in total 
amino acid content, due mainly to high levels of the 
aromatic amino acids (phenylalanine and tyrosine) 
and the sulfur containing amino acids (taurine, cysteine 
and methionine). Alanine, aspartic acid, glutamic acid, 
and proline were also elevated, but to a lesser degree. 
The branched chain amino acids (valine, leucine and 
isoleucine) were within normal limits, as were glycine, 
serine, threonine, lysine, histidine and tryptophan. 
Furthermore, it appeared that one could distinguish 
between surviving and nonsurviving patients using the 
plasma amino acid pattern. Those patients who did not 
survive sepsis had higher levels of aromatic and sulfur- 
containing amino acids as compared to those patients 
who survived sepsis. On the other hand, those patients 
surviving sepsis had higher levels of alanine and the 
branched chain amino acids." 

It thus seemed that the plasma amino acid pattern 
was indicative of the severity of the metabolic dis- 
turbance and might be predictive of mortality. To con- 
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Fic. 1. Mean plasma levels of amino acids, given as percentage of 
normal in 25 septic patients. The shadowed area represents normal 
+ SEM values. 


firm this hypothesis the amino acid patterns of 25 addi- 
tional patients with established clinical sepsis were 
studied to establish whether amino acid derangements 
in sepsis are predictive of the severity of sepsis and 
the outcome of the septic patient. The results suggest 
that the deranged amino acid pattern in sepsis is an 
accurate prognosticator of both the severity and final 
outcome of patients with sepsis, thus further stressing 
the importance of deranged amino acid and energy 
metabolism in patients with sepsis. 


Materials and Methods 


Twenty-five patients with at least one episode of 
severe sepsis form the basis for this study. The 
etiology of the sepsis was perforated diverticulitis, 
perforated colonic cancer, postoperative abdominal 
abscesses, gangrenous bowel, cholangitis, and to a 
lesser degree urologic sepsis, central venous catheter 
sepsis, pulmonary sepsis and burn sepsis. 

Sepsis was defined clinically as a state of severe 
infection (fever, chills, prostration, metabolic en- 
cephalopathy, leukocytosis) with widespread bacterial 
invasion, sometimes resulting in a state of hypoper- 
fusion and vascular collapse. Positive blood cultures 
were not sine gua non for establishing the diagnosis 
of sepsis but were encountered in two-thirds of the 
patients. Patients with bacteremia but without the 
clinical symptomatology of sepsis were excluded. Once 
the diagnosis of sepsis was clinically established, blood 
samples were drawn for amino acid analysis and beta- 
hydroxyphenylethanolamines (octopamine and phenyl- 
ethanolamine). Amino acid determinations in plasma 
were carried out by a Beckman 121-MB amino acid 
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analyzer, on plasma which was deproteinized with 5% 
sulfosalicylic acid. Octopamine and phenylethanol- 
amine were measured simultaneously by a radioenzy- 
matic method modified after Molinoff.'* Clinical assess- 
ment of encephalopathy grades was based on a 0-4 
grade modification of Adams and Foley criteria.' 

The clinical information, laboratory data, outcome, 
and the amino acid and beta-hydroxyphenylethanol- 
amine results were transferred onto computer punch 
cards. The plasma amino acid levels and the plasma 
octopamine and phenylethanolamine were used as pre- 
dictors for the degree of encephalopathy the patient 
presented, an expression of the severity of the septic 
process. The R-square program from the SAS 
(Statistical Analysis System) Computer Package" was 
used to screen the predictors for subsequent entry into 
a discriminant analysis. Squared terms and many inter- 
actions of the predictors were shown to be of little 
value in the analysis. A subset of the original amino 
acids was thus produced for entry into the discriminant 
analysis. Stepwise discriminant analyses were per- 
formed using the Biomedical Computer Programs 
(BMDP)* to select the "best" set of predictor variables. 
The criterium used for controlling the stepwise selec- 
tion was maximization of the separation between the 
groups (Mahalanobis D^). The same process was re- 
peated for predicting the survival of the patients. 


Results 


The amino acid pattern in this group of 25 septic 
patients is summarized in Figure 1. Based on previous 
experience we included only those amino acids which 
showed significant changes or relationship to metab- 
olism in sepsis. Similar to our previous report? sig- 
nificant increases were observed in the plasma levels 
of the aromatic amino acids: phenylalanine and 
tyrosine, marked increases in the levels of the sulfur 
containing amino acids: taurine, cysteine and methi- 
onine with normal alanine levels and near normal to 
low normal plasma levels of the branched chain amino 
acids (Fig. 1). 

Patients who did not survive sepsis exhibited higher 
levels of aromatic and sulfur containing amino acids as 
compared with patients surviving sepsis, while those 
patients surviving sepsis had higher levels of the 
branched chain amino acids. Statistically significant 
differences were found for cysteine, methionine, 
tyrosine and the branched chain amino acids (Fig. 2). 





* Barr, A. J., Goodnight, J. H., Sall, J. P. and Helwig, J. T.: A 
user's Guide to SAS 76. 

+ Health Sciences Computing Facility, Department of Bio- 
mathematics, School of Medicine, University of California, Los 
Angeles, BMDP Biomedical Computer Programs P-series 1977. 
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Discrimination Between Patients with and without 
Metabolic Encephalopathy 





. The analysis was begun using 10 amino acids and 
the two false neurotransmitters: phenylalanine (Phe), 
tyrosine (Tyr), taurine (Tau), cysteine (Cys), methionine 
(Met), alanine (Ala), valine (Val), leucine (Leu), iso- 
leucine (Ile), arginine (Arg), octopamine (Oct), 
^. phenylethanolamine (Pea). Using stepwise discriminant 
analysis and multiple regression techniques cysteine, 
methionine, phenylalanine and isoleucine were found 

useful to distinguish between patients with no signs of 
metabolic encephalopathy (group 1-11 patients) and 

. those patients presenting some degree of encepha- 

— -. -lopathy (group 2-14 patients) (Table 1, No. 1). The 
20 2 addition of leucine and valine to the analysis improved 
-= the discrimination of the function only to a minor extent 
(Table 1, Nos. 2 and 3). The addition of some inter- 
. action terms did not add a significant improvement 
over the use of only the four amino acids: Cys, Met, 
Phe, Ile. Table 1 presents the percentage of correctly 
-. . classified patients using the formulated discriminant 
-< function. The first column uses all the original data 
for which the function is formulated to optimize 
categorization. In order to come up with a more realistic 

figure the ‘‘jack-knife procedure’ was used; its results 
appear in the second column. The ‘‘jack-knife pro- 

, cedure” computes the probability of a particular case 
categorization by using all other cases except the one 
for which the probability is being calculated. While 
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Fic. 2. Graphic display of the differences in plasma amino acid 
Vels (represented as percentage of normal) in surviving and non- 
rviving septic patients. Surviving patients display higher (more 
mal) levels of arginine and branched chain amino acids and sig- 
cantly lower levels of cysteine, methionine, and tyrosine, com- 
ed to nonsurviving patients. 
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TABLE I. Percentage of Patients with (Group H, 14 Patients) and 
without (Group 1, 1! Patients) Septic Encephalopathy 
Correctly Classified According to the 
Discriminant Function Chosen 





Jack- 
Original knife Group 
Function Variables Data Method Means 
Cys. Met, Phe, Ile Group I 90.9 81,8 +L 
Group Il 78.6 78.6 —0.88 
Overall 84 80.0 oo 
Cys, Met, Phe, lle, Group I 90.9 81.8 +1,18 
Leu Group H 85.7 78.6 -0.93 
Overall 88.0 80.0 — 
Cys, Met, Phe, Ile, Group I 90.9 81.8 +1.30 
Leu, Val Group H 85.7 85.7 - 1.02 
Overall 88.0 84.0 — 


the results may be more reliable they do not differ 
greatly from the original data presented in the first 
column. These data suggest that Cys, Met, Phe, Ile, 
Leu and Val are the best amino acids to discriminate 
between patients with and without metabolic-type 
septic encephalopathy. The discriminant function to 
evaluate group membership should be: 


X = —1.056 + 0.013 Val — 0.0109 Cys— 
— 0.0283 Met + 0.0478 Ile — 0.0262 Leu + 0.0226 Phe 


Using this formula patients with no encephalopathy 
(group 1) will have a group centroid (mean discriminant 
score for the group for the respective function) of + 1.302 
while patients with metabolic encephalopathy (group 2) 
center around a mean value of —1.023. The dividing 
point is halfway between the two means (Figure 3). 


Analysis to Discriminate Between Surviving and Non- 
surviving Septic Patients 


Using the same amino acids and false neurotrans- 
mitters as before, a discriminate analysis of two 
groups was produced. The two groups were classified 
as patients dying of sepsis (group 1), and patients 
surviving sepsis (group 2). Stepwise discriminant 
analysis and multiple regression methods eliminated 
many of the amino acids and their interactions. Good 
discrimination was achieved by using alanine, cysteine, 
methionine, isoleucine and arginine (Table 2, No. 1). 
Using these five amino acids 82% of the nonsurviving 
patients and 79% of the survivors were correctly 
classified (overall 8096 correct classification). Adding 
phenylalanine and tyrosine (Table 2, No. 2) improved 
the prediction accuracy in the nonsurviving group 
(91%) while the use of multiple interactions (Table 2, 
No. 3) increased the overall prediction capacity 
slightly (88%). It seems therefore that the ‘‘best’’ dis- 
criminant function is given to the combination of 
arginine, cysteine, methionine, isoleucine, tyrosine, 
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I Mean of group I ( no encephalopathy ) 
II Mean of group II ( septic encephalopathy 
grade I- ) Fic. 3. Histogram of canon- 
ical variables evaluated at 
( Val , Cys, Met, Ile, Leu, Phe ) group means for septic pa- 
tients with and without 
metabolic-septic encepha- 
lopathy, using valine, cys- 
teine, methionine, isoleu- 
cine, leucine and phenyl- 
II Dividing Point I alanine as discriminant 
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SEPTIC ENCEPHALOPATHY 


phenylalanine and alanine. Using this function (Table 2, 
No. 2), the discriminant function to evaluate group 
membership is as follows: 


—0.877 + 0.0194 Cys + 0.0319 Met — 0.0539 Ile 
+ 0.0206 Tyr — 0.0108 Phe — 0.0336 Arg. 


Using this formula patients surviving sepsis will center 
around a mean discriminant score of — 1.400 while pa- 
tients dying of sepsis will center around a mean value 
of +1.782. The dividing point is halfway between the 
means (Fig. 4). 


Discussion 


Sepsis is a major catabolic insult resulting in in- 
creased muscle protein breakdown and nitrogen 
loss,?5:19:55:16 which in turn results from modified car- 
bohydrate and fat energy metabolism. Because of 
glucose intolerance and diminished lipolysis the avail- 
ability of fuels for energy in sepsis is limited; the organ- 
ism turns to muscle breakdown and amino acid, mainly 
branched chain amino acid, oxidation to supply energy 
needs. In a previous study we found an increase in 
total plasma amino acids in a group of 15 septic pa- 
tients, due mainly to high levels of the aromatic and 
the sulfur containing amino acids. Alanine, aspartate, 
glutamate and proline were elevated to a lesser degree. 


NO ENCEPHALOPATHY 


The branched chain amino acids were within normal 
limits and arginine levels were exceptionally low." 

This previously noted amino acid pattern was con- 
firmed in this group of 25 septic patients (Fig. 1). 
Furthermore. comparing the plasma amino acid pattern 
of surviving and nonsurviving patients a very clear 
distinction was made both in our initial report and 
in this group of 25 septic patients. Surviving patients 
had decreased levels of aromatic and sulfur containing 
amino acids and higher levels of branched chain 
amino acids, as compared with nonsurviving patients. 
In the present study phenylalanine levels in surviving 
and nonsurviving patients were similar, in contrast 
with out previous report. However, the more pro- 
nounced differences in tyrosine levels between the two 
groups can partially account for it. | 

From our previous and present results the following 
sequence of events to explain the metabolic changes 
in sepsis may be hypothesized. The septic patient 
develops glucose intolerance due to insulin resistance 
in the periphery, primarily the muscle.'':' However, 
adipose tissue is less sensitive, and insulin levels are 
somewhat elevated thus preventing lipolysis.*'!5:* 
The insulin resistance and the inability to utilize fat in 
face of a desperate need for energy, leads to increased 
proteolysis,*5 most of it muscle protein, which in turn 
results in the release into the circulation of large 


TABLE 2. Percentage of Patients Dying of Sepsis and Patients Surviving Sepsis, Correc tly Classified Using Discriminant 
Functions with Different Plasma Amino Acids 


Function Variables 


E A a a a t i nmm s 


D Ala, Cys, Met, Ue, Arg 


2) Arg, Cys, Met, He, Tyr, Phe, Ala 


3) Ala, Val, Cys, Met, He, Tyr, Phe, Arg, Pea and Interactions 


Regular Jack-knife Group 
Group Function Method Means 
nonsurvivors 90.9 81.8 + 1.606 
survivors 85.7 78.6 — 1.262 
overall 88.0 80.0 os 
nonsurvivors 100.0 90.9 + 1.782 
survivors 85.7 78.6 - 1.400 
overall 92.0 84.0 us 
nonsurvivors 100.0 90.9 2.482 
survivors 92.9 85.7 — 1.950 


overall 96.0 88.0 dis 
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I Group mean for patients surviving sepsis 
II Group mean for non-surviving septic patients 


^ Fic. 4. Histogram of canon- 
| deal variables evaluated at 


group means for patients 
surviving, and patients not 
surviving sepsis using 
alanine, cysteine, methio- 


nine, isoleucine, tyrosine, II 
phenylalanine and arginine ———— — — —— 
of discriminant variables. 
i - 2.00 - 1.00 
SURVIVING 


amounts of various amino acids, with the exception 


© of the branched chain amino acids, oxidized primarily 


- by the muscle itself for energy requirements and 


=: gluconeogenesis through alanine. The remaining amino 
acids released into the circulation as a result of muscle 
.-- protein breakdown, particularly the aromatic and sulfur 
.. containing amino acids must be metabolized by the 


liver. However, except for acute phase plasma pro- 
teins, hepatic protein synthesis is reduced because of 
hepatic dysfunction occuring early in sepsis.2! Muscle 
protein breakdown to satisfy energy requirements 
coupled with relative hepatic incompetence leads to 
accumulation of the ‘‘unused’’ amino acids but with 
normal or low levels of the branched chain amino acids 
and alanine used for energy and gluconeogenesis. 
The close relationship between muscle protein break- 
down, plasma amino acid patterns, severity of sepsis, 
survival and the apparently central role of amino acid 
-in the energy metabolism of sepsis formed the basis 
for this discriminant analysis using amino acids as dis- 
criminating variables. The frequent occurrence of 


-.. metabolic encephalopathy in septic patients including 


confusion, obtundation, irritability, stupor and even 
frank coma accompanied by changes in plasma 
levels of the aromatic amino acids, sulfur containing 
amino acids and false neurotransmitters suggested 
that there may be a causal link between the two. 
Clinical observations further suggested that the pres- 
ence and grade of encephalopathy may be related 
to the severity of the septic episode, analogous to 
hepatic coma and encephalopathy where a causal 
relationship between the degree of encephalopathy 
and plasma and CSF or brain levels of the aromatic 
amino acids and false neurotransmitters has been 
hypothesized.*~? Subsequent experiments in the 
etiology of hepatic encephalopathy have also revealed 
that the blood-brain barrier neutral amino acid trans- 


" 7 -port function is deranged in hepatic encephalopathy. 
— > Similar findings have recently been forthcoming in a 
. ..rat experimental model of severe septic encephalop- 
Ue ahy suggesting that in this particular area as well as the 





(Ala, Cys, Met, Ile, Tyr, Phe, Arg ) 


Dividing Point I 
——— — be —X— ————— ———À— —— — M 
0.00 +1.00 +2.00 


NON SURVIVORS 


relationship between hepatic and septic encephalop- 
athy is more than coincidence. It seemed appropriate 
therefore to attempt to correlate the presence or ab- 
sence of septic encephalopathy, the plasma concentra- 
tion of the amino acids and their metabolic byprod- 
ucts the cutative false or coneurotransmitters or 
neuromodulators, phenylethanolamine and octopamine 
and the severity of the septic process. Early on in 
this study it became apparent that of all the amino 
acids ten amino acids including the aromatic amino 
acids phenylalanine, tyrosine the sulfur-containing 
amino acids taurene, cysteine and methionine, branched 
chain amino acids valine, leucine and isoleucine as 
well as alanine and arginine and the two false neuro- 
chemical transmitters or comodulators octopamine 
and phenylethanolamine were promising in this regard. 
In the first series of discriminant analyses good dis- 
crimination was achieved by using cysteine, methio- 
nine, phenylalanine and isoleucine with slight addi- 
tional discriminant power being achieved by the addi- 
tion of leucine and valine. The statistical rearrange- 
ments including the ‘‘jack-knife’’ method further con- 
firm the value of these amino acids in predicting septic 
encephalopathy and severity of sepsis. When the canon- 
ical coefficients for the six variables are used the group 
centroids fall significantly far apart along this function 
(Fig. 3). Of the six amino acids, phenylalanine, methio- 
nine and cysteine are aromatic amino acids related to 
muscle breakdown and perhaps the central nervous 
system malfunction in hepatic encephalopathy while 
the branched chain amino acids compete for entry with 
the aromatic amino acids across the blood-brain barrier 
and are also the only amino acids which may be oxidized 
primarily by muscle without the intervention of glu- 
cose. Thus, the association of these six amino acids 
with both the severity of sepsis and septic encephalop- 
athy as well as with energy derangements is both 
appropriate and logical. 

The second characteristic which is of interest in 
severe sepsis is the clinical outcome. Here, too, using 
computerized statistical methods attention was focused 


576 


on the sulfur-containing amino acids cysteine and 
methionine, the branched chain amino acid isoleucine 
as well as arginine and alanine with 82% of the non- 
survivors and 79% of the surviving patients correctly 
predicted on this basis (Table 2). When phenylalanine 
and tyrosine aromatic amino acids were added to the 
function the predictability of the nonsurvivors was im- 
proved and the centroids in the two groups were 
brought further apart signifying an improved dis- 
criminant capacity. In this regard it is important to 
recall that plasma concentrations of methionine, 
cysteine, phenylalanine and tyrosine are important 
indicators of both muscle breakdown and hepatic 
dysfunction as the plasma accumulation of these 
amino acids is likely to be the result of the combina- 
tion of these two factors. Furthermore, it is easily 
understandable how hepatic dysfunction may be cor- 
related with survival as well as the severity and the 
extent of muscle breakdown. 

In addition, isoleucine is representative of the 
branched chain amino acids in this discriminant analy- 
sis stressing the importance of the adequate supply 
of the latter to satisfy muscle requirements, the lower 
plasma level of isoleucine the more serious the energy 
derangement and the more likely the patient is to die. 
With respect to arginine, arginine concentrations have 
repeatedly been measured as being very low in sepsis 
and particularly low in nonsurvivors. Arginine may 
serve a catabolic function ridding the body of excess 
amino acid nitrogen via the urea cycle. On this basis the 
very low levels of arginine may suggest more severe 
protein breakdown or excessive utilization of arginine 
in the urea cycle both of which would be prognostically 
unfavorable in the septic patient. 

The overall result of these and previous studies sug- 
gest that deranged energy metabolism and deranged 
protein metabolism in sepsis are of prime importance. 
Furthermore, that the proper available supply of 
energy may be a crucial difference in such patients 
in both predicting survival as well as in the occurrence 
or severity of septic encephalopathy. If we accept the 
concurrent mechanisms of hepatic and septic encepha- 
lopathy as due to derangements in central neuro- 
transmission the accumulation of aromatic amino acids 
and decreased plasma concentrations of the branched 
chain amino acids, valine, leucine and isoleucine 
which serve as energy substrates for muscle as well 
as compete for entry with the toxic aromatic amino 
acids across the blood—brain barrier it is likely and 
even logical that the plasma concentration of these two 
groups of important amino acids may be useful in 
predicting outcome in sepsis. Furthermore, the pro- 
vision of increased amounts of branched chain amino 
acids to patients suffering from overwhelming sepsis 
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as previously suggested may both decrease the likeli- 
hood and septic encephalopathy as well as perhaps 
improve the outcome. 
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Briet Summary. 
T Consult the package literature for prescribing information. 






2 Indications: Keflin, Neutral, for Injection, is indicated for the treatment 
. of serious infections caused by susceptible strains of the designated 
> smicroorganisms in the diseases listed below. 


Respiratory tract infections caused by Streptococcus pneumoniae. 
Staphylococci (penicillinase and non-penicillinase-producing ), 
group A beta-hemolytic TIENDEN Klebsiella. and Haemophilus 
influenzae 


. Skin and soft-tissue infections, including peritonitis, caused by staphy- 
locoeci (penicillinase and non-penicillinase-producing), group A 
beta-hemolytic streptococci, Escherichia coli, Proteus mirabilis, 

^. and Klebsiella 

^: Genitourinary tract infections caused by E. coli, P mirabilis, and 

5o. Klebsiella 

^C Septicemia, including endocarditis, caused by S. pneumoniae, staphy- 

;  locoeci (penicillinase and non-penicillinase-producing), group A 


: beta-hemolytic streptococci, S. viridans, E. coli, P mirabilis. and 
Klebsiella 


> Gastrointestinal infections caused by Salmonella and Shigella species 


] : . Meningitis caused by $. pneumoniae, group A beta-hemolytic strep- 
|». tocoeci, and staphylococci (penicillinase and non-penicillinase- 
producing) 


NOTE: Inasmuch as only low levels of Keflin are found in the cere- 
brospinal fluid, the drug is not reliable in the treatment of meningitis 
and cannot be recommended for that purpose. Keflin has, however, 
proved to be effective in a number of cases of meningitis and may be 
considered for unusual circumstances in which other, more reliably 
effective antibiotics cannot be used. 


Bone and joint infections caused by staphylococci (penicillinase and 
non-penicillinase-producing! 
NOTE; H the susceptibility tests show that the causative organism is 
resistant to Keflin, other appropriate antibiotic therapy should be 
instituted. 


-Contraindication: Previous hypersensitivity to cephalosporins. 


Warnings: BEFORE CEPHALOTHIN THERAPY IS INSTITUTED, CAREFUL 


“ENQUIRY SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY 
REACTIONS TO CEPHALOSPORINS AND PENICILLIN. CEPHALOSPORIN C 
- DERIVATIVES SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE 
PATIENTS. 


. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE 
EPINEPHRINE AND OTHER EMERGENCY MEASURES. 


There is some evidence of partial cross-allergenicity of the penicillins 
and the cephalosporins. Severe anaphylactoid reactions have been 
reported with both drugs. 


: — Patients with allergy and hypersensitivity should receive antibiotics 
. Cautiously and only when necessary. 


— Usage in Pregnancy —Safety for use during pregnancy has not been 
established. 


- Precautions: Patients should be followed carefully to detect any side 
effects or drug idiosyncrasy. If an allergic reaction occurs, discontinue 
the drug and treat the patient with usual agents. 


. Although alteration in kidney function is rare. evaluation of renal 
-status is recommended. Patients with impaired renal function should be 
: placed on a reduced dosage schedule to prevent excessive serum con- 
“centrations. Consult prescribing information. 

-. If thrombophlebitis or superinfection occurs. take appropriate mea- 
'.Sures. A false-positive reaction for glucose in the urine has been observed 
* with some tests but not with Tes-Tape* (Glucose Enzymatic Test Strip, 
USP, Lilly). 

. Adverse Reactions: Maculopapular rash, urticaria. pain, induration, 
- tenderness, elevation of temperature, reactions resembling serum sick- 
“mess, anaphylaxis, eosinophilia, drug fever, neutropenia, thrombocyto- 
.penia, hemolytic anemia, thrombophlebitis, transient rise in SGOT and 
alkaline phosphatase, rise in BUN, decreased creatinine clearance, and 
` a positive direct Coombs test have been reported. [100678] 


Additional information available 
to the profession on request. 


Eli Lilly and Company 
Indianapolis, Indiana 46206 
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Principles and Practice 
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Edited by JAMES D. HARDY, M.D. 


with 279 contributors 


Although technically a Fifth Edition of Surgery: 
Principles and Practice, this revision is new in 
title, editor, contributing authors, content, ap- 
proach, and format. It has been reorganized 
into three major parts: General Principles of 
Surgical Practice; Specific Lesions and Dys- 
functions Involving Various Organs; and 
Parasurgical Considerations. 


The approach is now problem-oriented and this 
outstanding volume considers virtually all 
current problems in surgery. 


More than 270 contributors give you an 
enormous geographical and philosophical range 
in one volume, Each is well known in his field 
and discusses management of a specific 
problem. Included in each of the hundreds of 
topics discussed are basic features of the opera- 
tion including a table of basic facts; an overview 
of the concept under discussion; description of 
specific pathological conditions; surgical 
history; physiology; a pathophysiological 
diagram and an anatomical sketch whenever 
feasible; many excellent illustrations of disease 
processes and treatment procedures; possible 
technical errors; safeguards; postoperative 
probiems; and complications. 


2354 Pages / 1738 Illustrations / 313 Tables 
5th Edition, 1977 / One Volume Format: $38.50 
Two Volume Format: $45.00 


Now Availablein Either One or Two Volume Form! 


Lippincott 


J. B. LIPPINCOTT COMPANY 
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In Canada: J. B. Lippincott Company of Canada Ltd. 
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When did you 
first prescribe 
Kantrex? 


(kanamycin sulfate) 


Chances are that the Kantrex administered 
then was not quite the same as the Kantrex 
available in hospital pharmacies today. 


Introduced in 1958, Kantrex was immedi- 
ately accepted as a valuable new broad 
spectrum agent. As a producer of quality 
pharmaceutical agents, Bristol Labor- 
atories believes that constant product up- 
grading is imperative. 


Thus, in 1958, an ongoing program of 
product improvement was intitiated which 
continues to the present day. New fermen- 
tation and extraction processes, additional 
steps in purification, improved vials, strict 


oxygen limitation and the removal of un- 
necessary parabens were among many 
evolutionary changes in Kantrex produc- 
tion technology. 


As a result of this determination to improve 
Kantrex, today’s product is a clearer, more 
color-stable solution, with virtually no im- 
purities or ash. And kanamycin B, a natur- 
ally occurring but more toxic component, 
has been controlled below compendium 
standards.* 

Twenty years after Kantrex was judged 


good enough, were still striving to make 
it better. 


Kantrex 
KANAMYCIN SULFATE 


NDC 0015-3503-20 


Kantrex 


*As with any aminoglycoside, adverse auditory 
and renal toxicity may occur at higher doses, 
e reversible in some instances. 
Er | ©1979 BRISTOL LABORATORIES 
RE BRISTOLE | Div. of Bristol-Myers Company 
: S ! Syracuse, N.Y. 13201 
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BRIEF SUMMARY OF PRESCRIBING INFORMATION 


COMBINED KANTREX® INJECTION AND 


{kanamycin sulfate injection) 


PEDIATRIC INJECTION 


(14) 2/12/79 
For complete information, consult Official Package Circular. 


WARNING 

Patients treated with aminoglycosides by any route should be 
under close clinical observation because of the potential toxicity 
associated with their use. As with other aminoglycosides, the ma- 
Jor toxic effects of kanamycin sulfate are its action on the auditory 
and vestibular branches of the eighth nerve and the renal tubules. 
Loss of high frequency perception usually occurs before clinical 
hearing loss and can be detected by audiometric testing. There 
may not be clinical symptoms to warn of developing cochlear 
damage. Vertigo may occur and may be evidence of vestibular 
injury. Renal impairment may be characterized by decreased 
creatinine clearance, the presence of cells or casts, oliguria, 
proteinuria, decreased urine specific gravity, or evidence of in- 
creasing nitrogen retention (increasing BUN, NPN or serum 
creatinine}. 

In patients with impaired kidney function, the risks of severe 
ototoxic and nephrotoxic reactions are sharply increased. In such | 
cases, either the total daily dosage should be reduced, or the in- 
terval between doses lengthened, or both. Assessment of renal 
function and audiograms should be obtained before treatment if 
possible and monitored frequently during the course of therapy 
(see Precautions’). If there is evidence of progressive renal dys- 
function (increasing NPN, BUN, serum creatinine or oliguria) dur- 
ing therapy, audiometric tests are advised and discontinuation of 
the drug should be considered. 

Elderly patients, patients with preexisting tinnitus or vertigo or 
known subclinical deafness, those having received prior ototoxic 
drugs, and patients receiving a total dose of more than 15 g of 
kanamycin sulfate should be carefully observed for signs of eighth 
nerve damage. Loss of hearing may occur in such patients even 
with normal renal function. 

Neuromuscular blockade with respiratory paralysis may occur 
when kanamycin sulfate is administered intraperitoneally con- 
comitantly with anesthesia and muscle-reiaxing drugs. Although 
there have been isolated reports of respiratory depression follow- 
ing intraperitoneal instillation of kanamycin, there is no conclusive 
proof that this side effect can be produced with recommended 
doses of the drug. 

The concurrent and/or sequential systemic or topical use of 
kanamycin and other potentially ototoxic, nephrotoxic, and/or 
neurotoxic drugs, particularly streptomycin, polymyxin B, colis- 
tin, neomycin, gentamicin, cephaloradine, paromomycin, tobra- 
mycin, amikacin, vancomycin and viomycin should be avoided 
because the toxicity may be additive. 

Kanamycin sulfate should not be given concurrently with potent 
diuretics (ethacrynic acid, furosemide, meralluride sodium, so- 
dium mercaptomerin, and mannitol). Some diuretics themselves 
cause ototoxicity, and intravenously administered diuretics may 
enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 





CONTRAINDICATIONS: 

A history of hypersensitivity or toxic reaction to one aminoglyco- 
side may also contraindicate the use of any other aminoglycoside, 
because of the known cross-sensitivity and cumulative effects of 
drugs in this category. 

THIS DRUG IS NOT INDICATED IN LONG-TERM THERAPY (e.g. 
Tuberculosis) BECAUSE OF THE TOXIC HAZARD ASSOCIATED 
WITH EXTENDED ADMINISTRATION. 


WARNING: 
See "Warning" box above. 


PRECAUTIONS: 

Ototoxicity: In patients with renal dysfunction an audiogram should 
be obtained before treatment and repeated frequently during ther- 
apy. Therapy should be stopped if tinnitus or subjective hearing loss 
develops, or if follow-up audiograms show loss of high frequency 
perception. 

it should be emphasized that since renal function may alter appre- 
ciably during therapy, the serum creatinine should be checked daily 
or more frequently. Changes in the concentration would, of course, 
necessitate changes in the dosage frequency. 

Nephrotoxicity: Because of the high concentration of kanamycin 
sulfate in the urinary excretory system, patients should be well- 
hydrated to prevent chemical irritation of the renal tubules. Kidney 
function should be assessed by the usual methods, e.g., urinalysis, 
BUN, serum creatinine, prior to starting therapy and periodically dur- 
ing the course of treatment. If signs of renal irritation appear, such as 


casts, white or red cells, and albumin, hydration should be increased 
and a reduction in dosage may be desirable. These signs usually 
disappear when treatment is completed. However, if azotemia or a 
progressive decrease in urine output occurs, treatment should be 
stopped. 

The possibility of neuromuscular blockade with respiratory paraly- 
sis should be considered if aminoglycosides are administered by 
any route in patients receiving anesthetics, in patients receiving 
neuromuscular-blocking agents such as tubocurarine, succinylcho- 
line, decamethonium, or in patients receiving massive transfusions of 
citrate-anticoagulated blood. in all cases, patients should be observed 
carefully for signs of respiratory depression. If blockade occurs, cal- 
cium salts or neostigmine may reverse this phenomenon. 

NOTE: The risk of toxic reactions is low in well-hydrated patients 
with normal kidney function, who receive a total dose of 15 g of 
kanamycin or less. 

Because of the possibility of additive effects of other potentially 
ototoxic, neurotoxic, and/or nephrotoxic drugs, the concurrent or se- 
quential administration of these drugs with kanamycin sulfate should 
be avoided (see "Warning" box). 

Increased nephrotoxicity has been reported following concomitant 
eee administration of aminoglycoside antibiotics and cephalo- 
thin. 

Since kanamycin sulfate and methicillin inactivate each other in 
vitro, they should not be physically mixed together in the same solu- 
tion intended for parenteral administration. However, this inactiva- 
tion has not been demonstrated in patients who receive both drugs 
by different routes of administration. 

Elderly patients may have reduced renal function which may not 
be evident in the results of routine screening tests, such as BUN or 
serum creatinine. A creatinine clearance determination may be more 
helpful. Monitoring of renal function during treatment is particularly 
important in such patients. 

Aminoglycosides should be used with caution in patients with 
myasthenia gravis since these drugs may aggrevate muscle weakness 
because of their curare-like effect on the neuromuscular function. 

Kanamycin sulfate should not be given concurrently with potent 
diuretics (see "Warning" box). 

Neurotoxic and nephrotoxic antibiotics may be absorbed from body 
surfaces after local irrigation or application. The potential toxic effect 
of aminoglycosides administered in this fashion should be considered 
(see “Warning” box). 

Cross-allergenicity among aminoglycosides hàs been dem- 
onstrated. 

As with other antibiotics, kanamycin sulfate administration may 
result in overgrowth of nonsusceptible organisms, including fungi. If 
superinfection occurs, appropriate therapy should be instituted. 

Pregnancy: Reproduction studies have been performed in rats and 
rabbits and have revealed no evidence of impaired fertility or terato- 
genic effects. Dosages of 200 mg/Kg/day in pregnant rats and preg- 
nant guinea pigs led to hearing impairment in the offspring. There are 
no well-controlled studies in pregnant women but clinical experience 
does not include any positive evidence of adverse effects on the 
fetus. Although there is no clearly defined risk, such experience 
cannot exclude the possibility of infrequent or subtle damage to the 
fetus. Kantrex should be used in pregnant women only when clearly 
needed. 


ADVERSE REACTIONS: 

Nephrotoxicity —Albuminuria, presence of red and white cells, and 
granular casts, azotemia and oliguria have been reported. 

Ototoxicity — Tinnitus, vertigo, and partial reversible to irreversible 
hearing loss have been reported, usually associated with higher than 
recommended dosage. Hapid development of hearing loss has been 
reported in patients with poor kidney function treated concurrently 
with kanamycin and one of the rapid-acting diuretic agents given 
intravenously. These have included ethacrynic acid, furosemide, and 
mannitol. 

Other —Some local irritation or pain may follow intramuscular injec- 
tion. Other adverse reactions of the drug reported on rare occasions 
are skin rash, drug fever, headache, and paresthesia. 


OVERDOSAGE: 

In the event of overdosage or toxic reaction, hemodialysis or peri- 
toneal dialysis will aid in the removal of kanamycin from the blood. 
In the newborn infant, exchange transfusions may also be considered. 


SUPPLY: 

Kantrex Injectable—500 mg. per 2 ml. 
Disposable Syringe (500 mg. per 2 ml.) 
1gper3ml. 

Ped Injectable— 75 mg. per 2 ml. 
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from the past | BH yn E (Multi-Vitamin Infusion) 
i , Each 10 cc. ult or 5 cc. Concentrate vial** 
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Ascorbic acid (C)... px sies 500 mg. 
VIG Te A eem netus 10,000 LU 
Vitamin D* (ergocaiciferod a. 1,000 LU. 
namne TAC uu eas seen itid etis 50 mg. 
Riboflavin (Ba)** oo — 10 mg. 
PUOGOXIHe HO (PIS eto was etro thi etae s 15 mg. 
Pacinan E ausa ed pt Nds tu; .... LOO mg. 
Dexpanthenol..... cesses os eatin 25 mg. 


Vitamin E* (di-atoha tocophery! acetate)......5 LU. 


*With sorethytan laurate 1%, sodium hydroxide 
196, butylated hydroxytoluene 0.003%, butylated 
hydroxyanisole C.0008%; and gentisic acid eth- 
anolamide 2% as preservative. 

**With propylene glycol 30% and gentisic acid 
ethanolamide 2% as stabilizers and preserva- 
tives, sodium hydroxide for pH adjustment, 
sorethytan laurate 1.6% butylated hydroxy- 
toluene 0.006%, butylated hydroxyanisole 
0.0015%. 

*Oil-scluble vitamins A, D and E water solubi- 
ized with OM aurate. 


**In Concentrate as riboflavin-5-phosphat 


BRIEF SUMMARY 
INDICATIONS: in emergency feedings- Surgery, 
extensive burns, fractures and other trauma, 
severe infectious diseases, comatose states, etc. 
may provoke a "stress" situation. with ee 
alterations in the body's metabolic demands and 
consequent tissue depletion of nutrients. As a 
result, wound healing may be impaired, enzyme 
activity disturbed, hematopoietic tissues affected; 
hypoproteinernia and edema may appear; conva- 
lescence is thus prolonged. 
In such patients M.V.L. (administered in intra- 
venous fluids under proper dilution) contributes 
optimum vitamin intake toward maintaining the 
body's normal resistance and repair processes. 
DIRECTIONS FOR USE: MV. is ready for im- 
mediate use when added to' intravenous infusion 
fluids. 
For intravenous feeding, one daily dose of 10 cc. 
of MV. or 5 cc. of MVE. Concentrate added 
directly to not less than 500 cc., preferably 1,000 
CC., of intravenous dextrose, saline or similar infu- 
sion solutions... plasma, protein hydrolysates, etc. 
PRECAUTION: Allergic reaction has been known 
to occur bird intravenous administration of 
solutions containing thiamine. 
CAUTION: Not E be given as a direct undiluted 
intravenous injection as it may give rise to dizzi- 
a ness, faintness, etc. 
CHRISTMAS 1979 THERAPEUTIC NOTE: Intravenous use should 
| be discontinued as early as practical in favor of an 
intramuscular or oral vitamin preparation, if 
deemed advisable. 
m HOW SUPPLIED: M.V.1.—10 cc. ampuls, boxes 
now, it's a matter of life and breathe of 25 and 100 (NSN 6505-00-455-9955/NSN 
6505-00-424-98084). 
M.V.L CONCENTRATE —5 cc. vials, boxes of 25. 
Available in 100s only (NSN 6505-00-212- 
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Four Discoveries That 
Changed Medical History 


Reprinted from Letters to the Editor, JAMA.” 







We have reprinted the above letter to the 
editor of JAMA because we believe it should 
be seen by every physician concerned 
with the nutritional status of hospitalized 
patients. The letter writer ranks hyper- 
alimentation with some of the monumental 
medical discoveries of the past —anesthe- 
«429. antisepsis and antibiotics. Few who 
nave witnessed the lifesaving benefits of 
this technique would argue the point. 


We at USV are proud of our continuing role 
in hyperalimentation through the develop- 
ment and refinement of the comprehensive 
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"* Stevens JC: Surgical Nutrition: The Fourth Coming, reprinted from Letters 


the Editor. JAMA 239:192, 1978. 


1. Dudrick SJ, Wilmore DW, Vars HM, et al: Long-term parenteral nutrition 
with growth, development and positive nitrogen balance. Surgery 
64: 134-142, 1968. 


multivitamin infusion M.V.l^, as well as 
sponsorship of research and educatione 
programs in parenteral nutrition. 


Tolearn how hyperalimentation may reduc 
morbidity and mortality in a wide variety « 
clinical situations, just write us on your 
letterhead requesting a comprehensive 
monograph, tape-cassette program and, 
film on the subject. 


USV Laboratories, Division 
USV Pharmaceutical Corp. 


LABORATORAIES Tuckahoe. New York 10707 
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DEEP VEIN THROMBOSIS 


DIAGNOSIS--AND MORE 
A NEW WASCULAB; MODALITY 
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CLINICAL APPLICATIONS: 


MedaSonics Model SPG-16 Strain Gauge Plethysmograph 
system provides a simple, noninvasive and readily portable 
method of testing a patient for the presence of Deep Vein 
Thrombosis (D.V.T.). 


The Strain Gauge (SG333) is attached to the calf and the sys- 
tem senses and records percentage changes in the volume of 
the limb caused by variations in blood volume. 


When venous return flow is blocked by a conventional pres- 
sure cuff, inflated to approximately 50 mm pressure, the 
volume of the leg increases. This change is sensed and re- 
corded. When the cuff pressure is quickly released, the rate 
of fall is recorded and measured. Maximum Venous Outflow 
(M.V.O.) is easily calculated and blockage of venous out- 
flow is readily detected. Another application is the assess- 
ment of chronic venous insufficiency by suitable venous 
reflux tests. 


The Strain Gauge Plethysmograph is also used to study 
arterial flow, particularly in the toes for pulse reappearance 
times and blood pressure. 


THE SYSTEM: 


Two channels are provided to permit simultaneous measure- 
ment and recording from two appendages using the Meda- 
Sonics Model R12A Chart Recorder or a similar recorder. 
Both legs, for example, may be studied at one time without 
moving gauges from one leg to the other, or a digit and leg 
may be observed and recorded simultaneously. 


The strain gauges consist of a sealed double strand of sili- 


STRAIN GAUGE 
PLETHYSMOGRAPH 


cone tubing filled with an electrically conductive alloy." 
The tubing is supported and secured with a band of Velcro. 
Due to innovative design, only four sizes are needed: 6 cm, 
24 cm, 33 cm, and 50 cm. 


MORE INFORMATION: 


For more information, including references and prices, or 
to arrange for a demonstration, call our toll-free number 
(800) 227-8076 or fill in the following blank form and send 
it to our Customer Service Department. 

* Patent Applied For 


NAME 
HOSPITAL/GROUP 
ADDRESS 


CITY/STATE/ZIP 





MEDA RONIS 


340 Pioneer Way, P. O. Box M 

Mountain View, California 94042 
Toll-free telephone: 800 227-8076 

In California call collect: (415) 965-3333 















Proline Metabolism in Sepsis, Cirrhosis and 


General Surgery 


The Peripheral Energy Deficit 


FRANK B. CERRA, M.D., JOSEPH CAPRIOLI, M.D., JOHN H. SIEGEL, M.D., RAPIER R. MCMENAMY, PHD., 


E Proline metabolism was prospectively evaluated in patients 


. with surgical sepsis, cirrhosis, and elective surgical pro- 
. cedures. Significant correlations were found in the septic pa- 


0 tients. Proline levels were an excellent indicator of mortality 
< and correlated positively with lactate levels. Lactate and 


proline were inversely related to total peripheral resistance 
and oxygen consumption. In septic patients who expired: the 
metabolites involved in the hepatic pathways of proline deg- 
radation were elevated in proportion to proline; lactate, 
glutamate and proline were directly related to pyruvate; 
lactate/pyruvate ratios were constant; proline, glutamate, 
ammonia, ornithine, lactate and pyruvate levels were inversely 
proportional to oxygen consumption and total peripheral re- 
sistance. The primary defects in sepsis seem to be metabolic; 
there are very strong correlations in time between physiology 
and metabolism; the metabolic abnormality seems to be a pro- 
gressive energy-fuel deficit, possibly from a progressive in- 
hibition of substrate entry into the Krebs cycle. 


HE METABOLISM of septic man seems to be dis- 
tinctly different from that of fasting man.? ?-19.14.19 
In the fasting state, the economic utilization of fatty 
acids and ketone acids occurs as the blood glucose 
level declines so that protein may be spared.'* The 
metabolic course of the seriously septic patient, how- 
ever, is marked by derangements of glucose, fat and 
amino acid metabolism.? ?!9-71.1929 The plasma amino 
acid pattern of the septic patient has characteristic 
alterations in the levels of aromatic, branch chain, and 
sulfur containing amino acids.*'? Recent reports have 
also indicated that proline is elevated during sepsis. 
A detailed study of proline metabolism in septic 
man, however, has not been done. 
This present study prospectively explores the rela- 
tionship of serum proline to survival and mortality, 


Reprint requests: Frank B. Cerra, M.D.. Department of Surgery. 
100 High Street. Buffalo, New York 14203. 
Supported by Grant #GMI15768-10 from the National Institute 


. of General Medical Sciences. 


.^^ Submitted for publication: April 18, 1979. 


JOHN R. BORDER, M.D. 


From the Departments of Surgery and Biochemistry, 
Buffalo General Hospital, Buffalo, New York 


and to metabolic and physiologic processes in pa- 
tients with serious surgical sepsis, cirrhosis, or who 
are undergoing major elective surgery. Evidence pre- 
sented indicates that the serum proline level is a key 
marker in the deranged metabolic response to sepsis 
and can be closely correlated in time to concurrent 
physiologic and metabolic changes and mortality. 


Materials and Methods 


Thirty-seven patients admitted to the Intensive Care 
Unit of the Buffalo General Hospital were prospec- 
tively studied with simultaneous physiologic—hormo- 
nometabolic profiles. These patients were divided into 
three groups: septic (12 patients), cirrhotic (nine pa- 
tients), and those who had neither sepsis nor cirrhosis 
but were undergoing major surgery (16 patients). 

All patients classified as septic had clinical signs 
of severe infection and presented in septic shock with 
gram negative bacteremia. Septic sources were fecal 
peritonitis from colonic perforation (seven patients), 
intra-abdominal abscesses (three patients), and biliary 
sepsis from extrahepatic calculous biliary obstruction 
(three patients). 

All nine cirrhotic patients had an alcoholic history 
and biopsy proven micronodular cirrhosis. They all 
were encephalopathic at the time they were studied. 
Five were postoperative for protocaval decompres- 
sion; two had placement of LeVeen shunts; one had 
repair of a Mallory-Weiss tear; and one had no surgery 
but was being treated conservatively for bleeding 
esophageal varices. 

Al patients in the nonseptic noncirrhotic control 
group were studied preoperatively and were admitted 
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TABLE 1. Patient Demographic Data 
Nonseptic, 
Non- All 
Septics Cirrhotics cirrhotics Patients 
Age (years) 60.1 € 2.5. 33.8 € L4. §3.2+2.4 $5.8 x 2.1 
male 7 6 9 22 
female 5 3 7 15 
Survived 3 a 14 24 
Number 
died 9 2 2 13 
ICU stay 
(days) fio € 10.8 25 35935049" IG we 


All values expressed as mean + SEM. 


to the Intensive Care Unit for postoperative monitoring 
and care. A wide variety of surgical procedures were 
performed, including: distal pancreatectomy, colec- 
tomy, cholecystectomy, gastrectomy, splenectomy, 
coronary artery grafting, and mitral valve replacement. 

All patients in all groups received appropriate 
medical and surgical treatment. All received similar 
nutritional support in the form of intravenous solutions 
of glucose and amino acids (Freamine II) with a glucose 
calorie to nitrogen ratio of 100 to 1. The solution was 
given at a rate of 1 g protein/kg/24 hours. Exogenous 
colloid was limited to 30—40 g/day as albumin and/or 
plasma protein fraction. The group of inotropic agents 
used was the same in all patients and consisted of 
digoxin, dopamine (3-5 ug/kg/min) and isoproterenol 
(0.25-0.75 ug/min). All patients had adequate renal 
function at the time of their study, with GFR's greater 
than 25 ml/min. No exogenous steroids, insulin or in- 
travenous fat were used throughout the study period. 
All patients were NPO during the study period. No 
patients were known to have diabetes mellitus. 

The physiologic -hormonometabolic profiles were 
performed preoperatively when feasible and daily post- 
operatively on each patient until the patient expired 
or became well enough to leave the Intensive Care 
Unit. All patients who left the Intensive Care Unit were 
subsequently discharged from the hospital. The physi- 
ologic profile was accomplished using cardiogreen dye 
according to the method described by Siegel et al.'5'!7 
The parameters determined were cardiac index (CI), 
pulmonary dispersive blood volume, cardiac mixing 
time (tm, a measure of cardiac contractility), systolic 
ejection time, arterial blood pressure, stroke volume, 
total peripheral resistence (TPR), arteriovenous 
oxygen content difference (A-VO.) and oxygen con- 
sumption index (O,C/M?). Concurrently, a metabolic 
profile was performed on a sample of arterial blood. 
Thirty minutes prior to sampling, the infusion of all 
nutritional solutions was stopped in order to achieve 
a steady state of plasma substrate concentrations. 
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Glucose, pyruvate, lactate, triglycerides, acetoacetate, 
beta-hydroxybutvrate, glycerol and total free fatty 
acid concentrations were determined by standard 
laboratory techniques. Branch chain, aromatic, pro- 
line, basic and sulfur containing amino acids were 
analyzed using a Jeol amino acid analyzer with a one 
colume technique. 

Prior profile studies seemed to indicate that a high 
and/or rising plasma proline concentration might be 
correlated with mortality in sepsis. The metabolic- 


 physiologic data, therefore, were correlated in time 


with the plasma proline values. In so doing, the best 
correlations were between the highest plasma con- 
centration in the postoperative course for each patient 
and the concurrently determined values for cardiac 
index, total peripheral resistance, oxygen consumption 
and the plasma concentrations of lactate, pyruvate, 
glutamate, ornithine, and ammonia. It is the results 
of this later analysis that are to be reported. 

Values of individual parameters were analyzed using 
the Student's t-test. Analysis of the correlation be- 


tween variables was accomplished using linear and 


curvilinear functions for best fit with. calculation of 
the correlation coefficient, r. Probability values calcu- 
lated for each r indicate that r — 0. Mean values 
are expressed as the mean + SEM. 


Results 


Patient demographic data are listed in Table 1 for 
the septic, cirrhotic, and nonseptic, noncirrhotic 
groups. The mean age of all patients was 55.8 + 2.1 
years and the mean Intensive Care Unit stay was 11.5 
+ 2.0 days. The septic patients were older than the 
cirrhotics (p > .05) and had a longer intensive care 
unit stay than the nonseptic control group (p > .05). 


All Patients 


The relationship between the highest plasma proline 
levels and survival for the various patient groups is 
shown in Figure 1. The septic group clearly had higher 
proline levels than the nonseptic, noncirrhotic control. 
group (p « .005) and the cirrhotic group (p « .010). 
The mean value was not significantly different between 
the cirrhotics and the control although it was slightly 
elevated in the cirrhotics. When all patients were con- 
sidered, the proline levels were much higher in those 
who expired (p « .0005); no patient with a proline 
level greater than 700 micromol/l survived. The rela- 
tionship between plasma proline level and mortality 
was also evident when the septics and the cirrhotics 
were considered separately (p < .05, p «.01, 
respectively). The cirrhotic group, however, contained 
only two patients who died, and even though statis- 
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tically significant, the result must be interpreted with 
caution. The difference between the survivors and 
the nonsurvivors in the control nonseptic, noncirrhotic 
group was not significant, although proline levels 
tended to be low in those who died. i 

Compared to the nonseptic, noncirrhotic control 
group, the septics had significantly higher lactate (4307 
+ 737 uM/ vs. 2016 + 395 uL M/l; p < .01) and signifi- 
cantly lower oxygen consumption (110 + 11 ml/min/M? 
vs 143 + 10 ml/min/M?; p < .05) at the time of highest 
proline concentration. No septic patients with serum 
lactate levels greater than 4000 pmol/l survived. In 
those patients who died, the highest proline levels cor- 
related with the time to death. Patients who were 
closest to death exhibited the highest proline values, 
and no patient with levels greater than 1200 mol/l 
survived longer than four days. (Fig. 2) 

In the septic patients, correlations between the 
highest recorded proline and simultaneous lactate 
values were found to exist, as well as between lactate 
and TPR and proline and TPR. Plasma proline in- 
creased in an exponential fashion with rising lactate 


E . (Fig. 3). The correlation of TPR with proline was linear, 


^ with higher proline levels being associated with a lower 











" —PR (Fig. 4). A similar relationship was found between 


- lactate and TPR (Fig. 5). | 
- Thecorrelation between proline and lactate was also 
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evident in the cirrhotic patients (Fig. 3). It was not 
statistically, significantly different from that in the 
septic group. No other relationships among the vari- 
ables were statistically significant in the cirrhotic 
group, however. 

In the nonseptic, noncirrhotic control group no sta- 
tistically significant correlations were found to exist 
among the same parameters discussed for the septic 
and cirrhotic groups. It should also be noted that no 
statistically sound correlations were found in any of 
the patient groups when the above parameters were 
analyzed at times of the highest recorded lactate 
levels. 


Nonsurviving Septic Patients 


The metabolism of proline and pyruvate were 
investigated in nonsurviving septic patients by an 
analysis of the plasma level of substrates involved in 
the metabolism of these two substances. The seven 
patients studied represented a group of terminally ill 
septic patients with an increasingly deranged metabo- 
lism terminating in death within seven days of the 
highest recorded proline levels. The plasma substrate 
relationships that were statistically significant are 
shown in Figures 6 and 7. 

Figure 6 shows the relationship between glutamate 
concentrations and time to death; and between the 
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Fig. 2. Plasma proline 


concentration rises as death 
approaches in patients with 
fatal sepsis or cirrhosis. No 


. patient with a plasma pro- 


line $700 LM survived. 


Fic. 3. Plasma proline 
and lactate levels are tightly 
related in patients with sep- 
sis or cirrhosis. No such 
correlations were found in 
the nonseptic, noncirrhotic 
patients undergoing elec- 
tive surgery. 
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Fig. 4. As total periph- 


—. eral resistance falls in septic 


patients, proline level rises. 
Physiology and metabolism 
are correlated in time. 


Fria, 5. Lactate level was 
inversely related to total 

— peripheral resistance. The 
lactate/pyruvate ratio, how- 
ever, remained constant. 
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PLASMA PROLINE RELATIONSHIP TO TOTAL PERIPHERAL RESISTANCE IN SEPTIC PATIENTS 
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Fic. 6. In septic patients who expired, glutamate levels closely correlated with time to death. As the glutamate level rose, there were parallel 
rises in proline, ornithine and ammonia, all substrates involved in the hepatic pathway of proline metabolism. A relative inhibition of glutamate 


dehydrogenase is indicated. 


glutamate level and the concentrations of proline, 
ornithine, and ammonia that existed at the same point 
in time. All correlations were highly significant. It is 
evident that septic patients closer to death manifested 
increasingly higher plasma levels of glutamate, am- 
monia, ornithine and proline, substances all involved 
in the hepatic pathway of proline metabolism. 

The relationship between the plasma pyruvate con- 
centration and the plasma levels of lactate, glutamate, 
and proline are shown in Figure 7. Increasing pyruvate 
levels correlated very strongly with increasing levels of 
lactate, glutamate and proline. It is also noteworthy 
that the lactate/pyruvate ratio remained constant 
throughout. 

Plasma concentrations of lactate, pyruvate, and 
proline are all similarly related to TPR and oxygen 
consumption as shown in Figures 8 and 9, respectively. 
Increasing levels of these substrates are associated with 
decreasing TPR and decreasing oxygen consumption. 
The same relationships also held for glutamate, orni- 
thine, and ammonia. 

It is, therefore, apparent in nonsurviving septic pa- 
tients that increasing plasma concentrations of the 
substances involved in the metabolism of both proline 
and pyruvate are associated in time with each other 
and with both TPR and oxygen consumption. None of 
these relationships were of statistical significance in 
the cirrhotic patients or in the nonseptic, noncirrhotic 
control group. 


Discussion 


The serum proline levels were clearly elevated in 
septic patients compared to cirrhotics and nonseptic, 


noncirrhotic controls; and were a good indicator of 
mortality in septic and perhaps cirrhotic patients. 
Analyzing patient data at times of highest plasma 
proline levels served to synchronize the course of the 
septic patients in such a way as to make other meta- 
bolic - physiologic correlations apparent. Proline levels 
correlated well with lactate levels in septics and cir- 
rhotics but not in the controls. Lactate and proline 
levels were both inversely related to total peripheral 
resistance and oxygen consumption in septic patients 
but no relationship was apparent in cirrhotic or control 
patients. The plasma levels of the amino acids involved 
in the hepatic pathways of proline metabolism were 
found to be elevated in proportion to proline in termi- 
nally ill septic patients; these substances were highest 
in patients closest to death. In this same group of 
severely septic patients, all studied at times of highest 
proline, plasma concentrations of lactate, glutamate, 
and proline were directly related to the plasma con- 
centration of pyruvate, and were inversely proportional 
to TPR and oxygen consumption. |. 

Plasma proline levels have been reported to be in- 
creased in septic patients as compared to nonseptic 
controls.5*!? This increase in proline is coincident 
with increases in the aromatic and sulfur containing 
amino acids, and appears to come at a time when periph- 
eral muscle catabolism is marked.* Proline is pri- 
marily catabolized in the liver. McMenamy et al. 
studied the splanchnic substrate balances in a severely 
septic patient who subsequently expired. In this pa- 
tient, rising plasma proline levels were associated with 
increasing splanchnic clearance of proline; the hydroxy- 
proline concentrations were not elevated and had no 
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relationship to proline or other substrate concen- 
trations.” It appears, then, that proline was being re- 
leased from the periphery and that the source was most 
likely muscle. | 
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PLASMA PYRUVATE AND PLASMA SUBSTRATES IN NONSURVIVING SEPTIC PATIENTS 


y-2.291* 11 y7.2901«27.8 
f= 62, K.05 t= 92, P<.001 
è e 
» e * e 
* e. 
e + 
. e 
. e 
25 | 50 75 100 125 150 175 200 06 OO — BOO 1200 1600 2000 


GLUTAMATE (4 m/t) PROLINE (ae m/1) 


Studies of metabolism in septic man who expires in- 
dicate marked, progressive derangements of glucose, 
fat, and protein metabolism. The alterations in glucose 
metabolism include: hyperglycemia that increases with 
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Fic. 9. Lactate, pyru- 
vate and proline inversely 
correlated to oxygen con- 
sumption. With the other 
evidence presented, the fall 
in oxygen consumption 
seems to be one of non- 
utilization rather than being 
related to inadequate de- 
livery. 
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increasing glucose loads; is resistant to insulin adminis- 
tration; is associated with an increased rate of glu- 
coneogenesis that is nonsuppressable by exogenous 
glucose.*!91129 Lactate and pyruvate levels pro- 
gressively rise, while the lactate/pyruvate ratio re- 
mains constant. Free fatty acid levels are normal rela- 
tive to overnight fasting man but are inappropriately 
high for the existing glucose level.*'? Early on, ketone 
bodies are present. As death approaches, B-OH buty- 
rate levels remain elevated while acetoacetate levels 
fall, with a progressive increase in butyrate/acetoace- 
tate ratio.*!? Triglyceride levels are high and progres- 
sively rise as death approaches.* Other studies indicate 
a decreased utilization of fat and an energy economy 
that is based primarily on protein.*?'? Animal and 
human investigations strongly support the increased 
peripheral utilization of branch chain amino acid in 
sepsis. 5219 Branch chain and glutamate levels are 
initially low, while levels of proline and aromatic amino 
acids are high. As death approaches, however, the 
levels of branch chain increase, as do those for gluta- 
mate, ornithine, ammonia, proline and aromatic amino 
acids. These data are quite consistent with the develop- 
ment of a progressive peripheral energy deficit, most 
likely in muscle. The end result of the metabolic def- 
icit seems to be the multiple organ failure syndrome. 
The proline data described indicate that proline levels 


PROLINE Ax m/1) 


serve as an identifiable marker of the presence, progres- 
sion, and severity of this metabolic process in patients 
who expire from sepsis. 

The correlation between oxygen consumption and 
prognosis in the septic patient has been pointed out 
by Siegel et al.'* Patients in a low oxygen consumption . 
state do much more poorly than those in a high oxygen 
consumption state, even though both are hemodynami- 
cally compensated by a high cardiac output. More 
recent data indicate a strong correlation between 
physiology and metabolism in sepsis.* The develop- 
ment of the metabolic alterations described is coinci- 
dent in time with the progressive unbalanced physi- 
ologic response that occurs in septic patients who ex- 
pire. This response is characterized by rising cardiac 
output with an inappropriately low TPR, narrowing 
A-VO., and falling O,C/M?.!*? The correlations 
described in the present study between O,C/M* and 
TPR and the plasma levels of proline, lactate, pyruvate, 
glutamate, ammonia an ornithine represent another 
demonstration of this correlation between physiology 
and metabolism. The pathophysiology does not seem to 
entirely one of shunting as has been previously thought. 
The metabolic alterations, such as the constant lactate/ 
pyruvate ratio, are not what is observed or expected for 
a state of decreased oxygen delivery to the periphery. 
Indeed, increased muscle blood flow has been demon- 
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strated during sepsis.5 Whether or not the peripheral 
distribution of this blood flow is uniform, however, has 
not been determined. Rather it seems as if the primary 
defects in sepsis are metabolic and are subsequently 
flected in the physiology. At this point, the metabolic 
derangements seem to appear first in muscle with the 
development of an energy deficit; the process in pa- 
— tients who expire eventually seems to appear in other 
"organs such as liver and heart. 
The origin of the fuel deficit is still uncertain. Clowes 
et al. have suggested that this deficit occurs as a result 
of insulin resistance, preferentially in muscle.? Border, 
et al. have implicated a deficiency of carnitine, a pep- 
tide necessary for the transport of. fatty acids across 
<- mitochondria for oxidation.? Another possibility is the 
- presence of intracellular metabolic blocks which lead to 
decreased substrate utilization and low oxygen con- 
» sumption from nonutilization. In order to evaluate the 
m possibility of multiple metabolic blocks playing a role 
. -in the genesis of a fuel deficit, the pattern of plasma 
| substrates involved in both proline and glucose me- 
. . tabolism were analyzed in a group of severely septic 
A patients. 
Proline is an amino acid which can neither be inter- 
converted nor oxidized by muscle, but is metabolized 
in the liver. The hepatic pathways of proline me- 
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-. Fic 10. Diagrammatic rep- 
resentation of the path- 
ways of pyruvate and pro- 
line metabolism. Two pos- 


pyruvate dehydrogenase 
sible sites of inhibition of 
substrate entry into the 
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tabolism are shown in Figure 10. The first step of pro- 
line degradation results in the formation the inter- 
mediate A’-pyrolline-5-carboxylate. This compound 
may be further oxidized to glutamate, or may be con- 
verted to ornithine. These substrates gain access to 
the Kreb cycle and the gluconeogenic pathway via the 
oxidation of glutamate to a-ketoglutarate by glutamate 
dehydrogenase. In the group of severely septic patients 
(all of whom died within seven days) glutamate levels 
were found to be higher in those patients nearer to 
death. Also, increases in plasma glutamate were paral- 
leled by increases in plasma proline, ornithine, and 
ammonia. This appears to be happening secondarily to 
hepatic proline loading, and could be due to saturation 
of the enzyme glutamate dehydrogenase. The K,, of 
this enzyme, however, is relatively large and it would 
appear that the intracellular saturation of this enzyme 
with glutamate is not likely.'* Rather, a state of relative 
enzyme inhibition seems to be present. 

It is evident in the septic patient that glucose me- 
tabolism is deranged. Part of this is from increased 
gluconeogenesis presumably resulting from the high 
levels of glucagon, the increased supply to the liver 
of nonbranch chain amino acids, and the large influx 
of lactate in the Cori cycle. These phenomena, together 
with the rising levels of lactate and pyruvate and a con- 
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stant lactate/pyruvate ratio are consistent with a rela- 
tive inability for pyruvate to be converted to acetyl- 
Co-A by pyruvate dehyrogenase (Fig. 10). 

The rising B-OH butyrate/acetoacetate ratio in 
septics who expire together with the progressively 
falling acetoacetate level are consistent with a progres- 
sive reduction in intramitochondrial redox potential 
and a decreased utilization of B-OH butyrate. Muscle 
biopsy studies in septic patients have documented de- 
creased levels of ATP, with increased levels of ADP 
and AMP.? Metabolically, therefore, the overall picture 
is consistent with a progressive inhibition of substrate 
entry into the Krebs cycle at multiple points as the 
septic process evolves toward death. This would 
produce a decreased oxygen consumption from non- 
utilization with the resultant physiologic abnormalities 
described. 

The concept of multiple metabolic blocks occurring 
at the mitochondrial level, especially in those processes 
requiring NAD+, would be particularly appealing in 
explaining many of the septic metabolic abberations. 
Indeed, areduced mitochondrial state with a decreased 
NAD+ to NADH ratio would impair fatty acid and 
ketone oxidation. The functions of pyruvate dehydro- 
genase and glutamate dehydrogenase are both de- 
pendent on the presence of adequate amounts of NAD+. 
Reduced intramitochondrial levels on NAD+ would 
logically impede the entrance of pyruvate into the 
Krebs cycle, and would result in elevated pyruvate 
levels. The production of lactate from pyruvate would 
be facilitated by high concentrations of NADH. Gluta- 
mate dehydrogenase is known to be limited by a re- 
duced mitochondrial state, and would explain the ap- 
parent inhibition of this enzyme as previously dis- 
cussed. The progressive nature of these defects would 
also help to explain other observed alterations in 
amino acid plasma profiles. As the redox potential of 
the mitochondria decreases, the ability to utilize branch 
chain amino acid for energy production via the Krebs 
cycle would also be interfered with, producing a re- 
sultant rise in branch chain plasma levels. 

Clearly, definitive treatment of the defects under- 
lying the energy fuel deficit must await the clarification 
of the fundamental mechanisms and prime mover(s) 
involved. In the meantime, it would appear that rational 
metabolic support would consist of the normalization 
of the blood amino acid pattern so that a balanced mix- 
ture may be presented to the liver for protein synthesis. 
Such treatment might consist of an infusion of an amino 
acid solution fortified with those amino acids which are 
deficient in the blood, particularly the branched chain 
amino acids. Investigations reported by Fisher et al. 
indicate that this approach is quite feasible.*? Infusion 
of branch chain rich amino acid mixtures have been 
shown to improve nitrogen balance and reduce weight 
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loss in post trauma man and rats.* Other fuels, such 
as acetoacetate, are as yet uninvestigated in septic man. 
Metabolic manipulation and appropriate fuel support 
should help to reduce the morbidity and mortality from 
the systemic septic response. 
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Mass in the Head of the Pancreas in 


Cholestatic Jaundice 


Carcinoma or Pancreatitis? 


SIMON WAPNICK, M.D., F.R.C.S., NAFTALI HADAS, M.D., M.S., ELIAS PUROW, M.D., 


The clinical, biochemical and radiological findings in 16 pa- 
tients with carcinoma of the head of the pancreas were com- 
- pared with that of 13 with cholestatic jaundice due to chronic 
pancreatitis. Patients presenting with malignancy had more 
severe hyperbilirubinemia (18.5 + 2.1 vs 5.6 + 1.6 p 
« 0.001). The course of the bilirubin during the first seven 
to ten days of hospital admission was the single most accurate 
test distinguishing carcinoma from pancreatitis. The mean 
bilirubin rose in carcinoma but fell in pancreatitis (mean net 
change 15.1. 2.9 vs 3.9 + 0.6, p < 0.001). Calcification in 
the pancreatic region was identified on a flat plate of the ab- 
domen in 8/13 with pancreatitis but 0/16 with malignancy. 
Preoperative percutaneous transhepatic cholangiography was 
helpful in defining the site of biliary obstruction but the 
radiologist was unable to clearly predict the definitive diag- 
nosis in five of the 29 patients. A point score based upon the 
major significant differences noted, predicted the presence 
or absence of malignancy in all patients (16/16 vs 0/13, p — 0.01). 


IFFICULTY IN DETERMINING whether obstructive 
D jaundice is caused by carcinoma of the head of the 
pancreas or chronic pancreatitis remains a diagnostic 
„challenge. DiMagno et al.,' evaluated prospectively 
different tests used in the diagnosis of pancreatic car- 
cinoma. They suggested that a positive finding on ultra- 
sound or pancreatic function test should be followed 
by endoscopic retrograde cholangiography and pan- 
creatography. This series of tests, however, could 
confirm pancreatic carcinoma in only 80% of cases. 
Indeed the surgeon is often hard put to make a definitive 
diagnosis even at laparotomy.*'? The biopsy specimen 
showing pancreatitis may represent sites remote from 
a tumor lesion. The surgeons decision is fairly critical 
as performance of a Whipple operation carries a mor- 
tality around 5-10% in specialized centers but much 
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higher elsewhere.?? The present paper reports the re- 
sults of a study comparing the clinical biochemical and 
radiologic features of cholestatic jaundice due to 
chronic pancreatitis or carcinoma of the head of the 
pancreas. A point score system was evolved in an at- 
tempt to find a more accurate method of distinguishing 
pancreatitis from carcinoma. 


Materials and Methods 


Twenty-nine consecutive patients with extrahepatic 
biliary duct obstruction attributed to pancreatic disease 
were evaluated between January 1976 and June 1978 at 
the Brooklyn V A Medical Center. The diagnosis of 
biliary duct stenosis was confirmed either by per- 
cutaneous transhepatic cholangiography (PTC) or in- 
traoperative cholangiography. Clinical manifestations 
were noted and calcific pancreatitis sought on plain film 
of the abdomen. The amylase/creatinine clearance ratio 
(Cam/Cer) was determined shortly after admission in 
some patients from the following formula: 


Uam Scr 
Ucr 


Liver function studies including bilirubin, alkaline 
phosphatase, SGOT, and LDH were determined. 
The hematocrit and WBC was noted. In ail 16 
patients with malignancy histological confirmation was 


x 100* 





Sam 


* Uam-— Urine amylase; Scr— Serum creatinine; Sam— Serum 
amylase; Ucr-— Urine creatinine. 
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TaBLE l. Point Score to Differentiate Carcinoma of the 
Pancreas from Pancreatitis 





Carcinoma Pancreatitis 
(+) fen 





Bilirubin 
admission bilirubin >10 mg/dl 
bilirubin rise* 74 mg/dl 
bilirubin rise* >4 mg/dl after PTC 
of ERCP 3 
bilirubin fall*? >2 mg/dl after PTC 
of ERCP 
Clinical features 
age <40 years 2 
palpable gallbladder 2 
weight loss >20 lb/4 weeks l 
Radiologic features 
diffuse calcific pancreatitis 2 
CBD suggestive of carcinomat i 
CBD suggestive of pancreatitist l 


ua t3 


rS 








* Within 7-14 days of admission. tOr return to normal. iOn 
PTC or ERCP. 


obtained. Nine of the 13 patients with pancreatitis had 
an operative procedure performed to overcome 
cholestasis. Four patients diagnosed as chronic 
pancreatitis were not subjected to surgery. In two a 
pseudocyst in the head of the pancreas resolved 
spontaneously. Two patients refused surgery. All 
patients with pancreatitis have been followed up more 
than 12 months and ten for more than two years after 
entry into the study. In none of these patients has 
malignancy subsequently been detected. 


12 
MM Pencreotitis 


C=) Carcinome 


NUMBER OF PATIENTS 
Oo 





71-90 





Fic. 1. Chronic pancreatitis occurs more frequently in younger 
patients whereas carcinoma occurs in the older age group. 
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A point score system was evolved to differentiate 
chronic pancreatitis from carcinoma of the head of the 
pancreas. The features and point allocation for scoring 
are shown in Table 1. 


Results 


All patients in the V. A. series were male. The age 
distribution is shown in Figure 1. The mean age of pa- 
tient admitted with carcinoma was significantly higher 
than that in pancreatitis (61.7 + 2.6 vs 47 + 3.9, 
p « 0.01). Of the 13 patients with pancreatitis nine 
were less then 55 years at the time of hospital admis- 
sion; only two of 16 patients with pancreatic carcinoma 
were less than 55 years. All four patients less than 40 
years had pancreatitis. 

The nature, severity, position and duration of pain 
and amount of weight loss was not helpful in distin- 
guishing between carcinoma and inflammatory disease 
of the pancreas. Pruritis was common in patients with 
malignancy (9/16) but rare in those with pancreatitis 
(2/13) (Table 3). The gallbladder was palpable in 5 of 
16 with carcinoma but in none with pancreatitis. 


40 
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35 © 
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PANCREATITIS CARCINOMA 


Fic. 2. Bilirubin recorded on admission. Shaded area indicates 
overlap of bilirubin values between patients with pancreatitis and 
carcinoma of the pancreas. 














Vol. 190 è No. 5 


PANCREATIC MASS 


589 


TABLE 2. Mean + SEM Values on Admission to Hospital 











No. Carcinoma No. Pancreatitis Statistical Analysis 
Age (16) 61.7 + 2.6 (13) 47 + 3.9 p < 0.01 
Weight loss (13) 246+ 5.9 (8) 12.8 + 3.9 NS 
Bilirubin (15) 18.5 *- 2.1 (13) 36x 16 p < 0.001 
Alk. phos. (16) 788 + 135 (13) 680 + 157 NS 
Amylase (13) 178 + 53 (9) 393 + 149 NS 
ACCR (7) 97+ 37 (6) 63+ 0.6 NS 





NS—not significant. 


Jaundice was seen in 8/13 with pancreatitis; it was 
present in all patients with carcinoma. 

The mean (+SEM) bilirubin in patients admitted 
with malignancy was significantly higher than that en- 
countered in pancreatitis (18.5 + 2.1 vs 5.6 + 1.6, 
mg/dl, p « 0.001) (Fig. 2). The mean bilirubin level 
declined significantly (p < 0.02) during the second 


" 2 week after hospital admission in pancreatitis (Table 2) 
< and rose significantly in carcinoma (Fig. 3). The highest 





-bilirubin recorded between the seventh and fourteenth 
days after hospital admission was above 9 mg/dl in 
16/16 patients with carcinoma and 0/13 in patients with 
pancreatitis (p « 0.05) (Fig. 3). In those with equivocal 
changes on P.T.C. a subsequent fall in bilirubin in- 
variably indicated pancreatitis; in malignancy the 
bilirubin level continued to rise following this pro- 
cedure. 

Mean alkaline phosphatase serum amylase and 
amylase/creatinine clearance ratio (ACCR) in patients 
with pancreatitis was not significantly different from 
that in pancreatic carcinoma (Table 2). 

Diffuse calcific pancreatitis was noted in eight of 
. 13 patients with chronic pancreatitis but in none with 

~ malignancy. The cholangiographic findings were fairly 
characteristic in chronic pancreatitis: smooth, gradual 
tapering of the intrapancreatic portion of the common 
bile duct. In malignancy the stricture was more irregu- 
lar, had an abrupt cut off or showed a shelf or nipple 
configuration at its termination. In two of the 16 pa- 
tients who underwent percutaneous cholangiography, 
the findings were initially thought to be that of pan- 
creatitis but the histological specimens showed the 


TABLE 3. Clinical Features Differentiating 
Carcinoma from Pancreatitis 


Carcinoma Pancreatitis Statistical 

(16) (13) Analysis 
Age <55 yrs. 9 2 NS 
Pruritis 9 2 NS 
Palpable gallbladder 5 o NS 
. Jaundice 16 & NS 

Diffuse calcific 

0 8 NS 


' .. pancreatitis 





© NS— not significant. 


presence of carcinoma of the head of the pancreas in- 
vading the common bile duct. One patient showed radi- 
ological features of malignancy but the excised pan- 
creaticoduodenectomy specimen showed onlv pan- 
creatitis. In two further patients the radiologist was 
unable to determine whether malignancy or pan- 
creatitis was present. The point score system shown 
in Table 1 clearly delineated patients with pancreatitis 
from carcinoma (Fig. 4). 


Discussion 


Courvoisieur's astute observation concerning pal- 
pation of a gallbladder in the jaundiced patient was a 
milestone in the diagnosis of obstructive jaundice. The 
advent of endoscopic retrograde pancreaticocholangi- 
ography (ERCP), percutaneous transhepatic cholangi- 
ography (PTC) and B mode ultrasonography (S) has 
facilitated identification of the site and at times the 
cause of extrahepatic obstructive jaundice. Following 
these comprehensive tests the surgeon may still not 
be able to decide at laparotomy whether the cause of 
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Fic. 4. All patients with carcinoma had a positive score (Table 1) 
whereas those with pancreatitis had a negative score. 


jaundice is attributed to carcinoma or inflammation of 
the pancreas. This differentiation is of the utmost 
importance as confirmation of malignancy will require 
a radical operation whereas a biliary enteric procedure 
would suffice if benign disease alone is present. 

The single most useful test in this study that dif- 
ferentiated malignancy from inflammatory disease was 
the change in bilirubin value during the first two weeks 
of hospital admission. All patients with pancreatitis 
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had an admission bilirubin which fell within two weeks 
below 5 mg/dl; in all patients with malignancy this 
measurement continued to rise. Following percuta- 
neous transhepatic cholangiography the bilirubin in- 
creased at a more rapid rate in patients with carcinoma 
but showed a consistent decline in pancreatitis (unpub- 
lished data). The alkaline phosphatase dose not dis- 
criminate the two entities. 

In patients less than 40 years of age pancreatitis 1s 
likely to be present. The nature, severity and duration 
of pain and extent of weight loss in carcinoma was not 
significantly different from that in pancreatitis. Both 
pruritis and the presence of a palpable gallbladder are 
pointers towards a diagnosis of carcinoma. The pres- 
ence of calcification of the pancreas occurs almost 
exclusively in chronic pancreatitis. Cholangiography 
obtained with a skinny needle of endoscopically is of 
aid insofar as it defines the extent and location of com- 
mon bile duct obstruction. Initial enthusiasm to rely 
entirely on radiological findings to distinguish between 
carcinoma and pancreatitis has been dampened by in- 
correct prediction in approximately 10-20% of the 
cases studied.*? 

Pancreatic cytology obtained via an endoscope may 
confirm malignancy in the region of the head of the 
pancreas.’ The test requires interpretation by an 
experienced cytophatologist and in one series this test 
provided a positive yield in only 23% of patients with 
pancreatic carcinoma. Biopsy of the pancreatic mass 
can also be obtained by percutaneous fine needle 
aspiration which has proven to be a relatively safe 
procedure.!! 

Although the surgeon may feel that a localized mass 
in the head of the pancreas is malignant, uncertainty 
always exists if a positive biopsy specimen is not avail- 
able. The point score system evolved in the present 
report is an attempt to differentiate between these two 
pancreatic conditions. The findings of this study require 
confirmation from a larger series of patients with obstruc- 
tive jaundice. The point score system should not be 
used unless cholangiography (by PTC or ERCP) has 
identified a stricture at the lower end of the common 
bile duct. A possible pitfall to this rule may exist if 
necrosis of an ampullary carcinoma occurs. Unex- 
plained anemia may be present and direct endoscopy 
of the ampullarv region may be helpful in identifying 
this type of lesion. The point score assessment may be 
invalidated if choledocholithiasis, hepatitis or a dif- 
ferent cause of jaundice is known to be present. Passage 
of a common bile duct stone in four patients resulted 
in temporary narrowing of the lower end of the common 
bile duct with the bilirubin value falling towards normal 
(personal observation). The point score appears more 
sensitive than that recorded by pancreatic function 
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E tests,” ultrasonography,’ arteriography ,* CAT scan or 
a combination of these tests.’ 
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Splenectomy for Gaucher's Disease 


B. SALKY, M.D., I. KREEL, M.D., i. GELERNT, M.D., J. BAUER, M.D., A. H. AUFSES, JR., M.D. 


The records of ten patients who underwent splenectomy for 
 Gaucher's disease were reviewed. All patients had the adult 
type of the disease. The indications for splenectomy were 
hypersplenism? and mechanical problems.” The hematological 
picture returned to normal in all cases and has remained so 
throughout the follow-up period. The different forms 
Gaucher's disease and specific diagnostic tests are discussed. 
Even though splenectomy is indicated when hematological 
and mechanical problems exist, selective enzymatic replace- 
ment therapy seems to be the preferred future mode of treat- 
ment. 


AUCHER'S DISEASE Was described by Dr. Phillipe 
Gaucher in 1882 as a clinical syndrome manifested 

by hepatosplenomegaly, weight loss and a peculiar 
large cell infiltration of the spleen. High levels of 
tissue B-glucocerebroside in this disease were dis- 
covered by Aghion in 1934, In 1965, Brady et al., identi- 
fied the specific enzymatic defect in Gaucher's disease 
to be B-glucocerebrosidase.* Splenectomy has been 
beneficial in solving the hematological and mechanical 
complications of this disease. This review describes 
our experience of splenectomy in Gaucher's disease. 


Materials and Methods 


From 1967 through 1978, ten patients with Gaucher's 
disease underwent splenectomy at The Mount Sinai 
Medical Center, New York. Preoperative evaluation 
and intraoperative findings are summarized in Tables 
| and 2, respectively. Seven of the ten patients were of 
Jewish extraction. 


Reprint requests: Barry Salky, M.D., 1155 Park Avenue, New 
York, New York 10028. 
Submitted for publication: February 27, 1979. 


From the Department of Surgery, Mount Sinai 
School of Medicine of the City University 

of New York and The Mount Sinai Hospital, 
New York, New York 





Early Postoperative Results 


There were no mortalities. All patients had the adult 
form of the disease, and all spleens demonstrated 
Gaucher cells. In the patients undergoing splenectomy 
for hypersplenism, the white blood cell and platelet 
counts responded early and remained elevated through- 
out the hospital course. The white blood cell and plate- 
let counts averaged 12,400 and 361,000 respectively at 
time of discharge. No patient developed platelet counts 
above 500,000. The two patients with severe left upper 
quadrant pain and mechanical problems were com- 
pletely asymptomatic when discharged. Two patients 
developed postoperative complications. One required 
immediate reoperation for bleeding from the splenic 
bed. The other developed multiple pulmonary emboli, 
despite adequate heparinization, which necessitated 
inferior vena caval ligation. The platelet count in this 
patient never rose above 286,000. 


Late Postoperative Results 


The size of the spleen and severity of the hemato- 
logical picture were not related. The average hospital 
stay was 13 days. With the exception of patient J.S., 
who was lost to follow-up, all patients have been 
examined within the last 6 months. The duration of 
follow-up varies from six months to 11 years. All 
patients have normal white blood cell and platelet 
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TABLE 1. Preoperative Evaluation 





Pt Age (Race) Hgb WBC 
DES g 38 (B) 11.0 2,800 
O M.N* 9 12 (W) 11.6 3,700 

“PN, g 54 (W) 10.5 2,200 
CK. 9? 19 (W) 9.4 2,000 
P.N.* g 12 (W) 13.2 5,400 
N.M. d 11 (W) 10.8 6,100 
MJ. $9 30 (W) 10.2 3,400 
A.S. 9 25 (W) 11.4 4,700 
N.K.* 9? 15 (W) 12.0 7,000 
RG. g 42 (W) 14.5 10,000 


* Positive family history. 
Note: All patients had + bone marrow. 


counts. All patients have normal hemoglobin con- 
centrations except patient P.N., who has a 10.2 g/dl 
hemoglobin value now eight years postsplenectomy. 

_ There has not been an increase in clinical hepatomegaly 
in any patient. Patient C.K., who underwent splenec- 
tomy in 1967, required a left total hip replacement in 
1976 because of degenerative disease secondary to 
Gaucher cell infiltration. No other patient has devel- 
oped orthopedic problems to date. 








Discussion 


Gaucher’s disease is inherited as an autosomal 
recessive trait. Three distinct forms of the disease have 
been identified.? The most common presentation is the 
adult variety (Type I), which is nonneuropathic and 
usually seen in Ashkenazic Jews. The most frequent 

i clinical presentation is splenomegaly progressing to 
" massive proportions. The age of onset of symptom- 
: atology can be variable, as demonstrated in this series. 
In 50-60% of these patients, hypersplenism develops 
with thrombocytopenia being most frequent of the 
cytopenias. Our review confirms this finding. Approxi- 
mately 5076 of Type I patients demonstrate radiological 
bone involvement. If the disease begins before skeletal 
growth ceases, the typical Erlenmeyer flask deformity 
of the distal femur will be seen. If the disease manifests 
itself in the older age group, the femoral head will 
show x-ray changes. These may be severe enough to 
warrant replacement with a prosthesis, as occured 
in patient C.K. Occasional clinical manifestations are 
brown, wedge-shaped pinqueculae (25%) and brownish 
discoloration of the lower extremities (30%).° 

The infantile form, or Type II, is rare, neuropathic, 
and uniformly fatal (80% by the first year of life). 
There is a classical appearance of retroflexion of the 
head, fixed and spastic upper extremities, strabismus, 
. and hepatosplenomegaly.? Bony changes are not seen, 
.. and there is not a predilection for Jewish ancestry. 





Rene EE EP M OOOO SSOD SSO 


Splenomegaly/ 


Plat. Count Hepatomegaly Indication 


64,000 du Hypersplenism 

60,000 +/+ Hypersplenism 

68,000 Bb Hypersplenism 
100,000 +/+ Hypersplenism 

80,000 tj Hypersplenism 
122,000 +/+ Pain 

38,000 +/+ Hypersplenism 

44,000 +/+ Hypersplenism 
114,000 +/+ Pain 

65,000 +/— Hypersplenism 


Death is secondary to neural degeneration and 
neuronophagia. 

Type HI, or intermediate form, is even rarer than 
Type II. The age of onset is within the first few years 
of life and death usually occurs by age 20. Neurological 
abnormalities are a major influence regarding mortality.® 

The diagnosis in all forms of the disease is made by 
the presence of Gaucher's cells on bone marrow exami- 
nation. Serum L-tartate resistant acid phosphatase 
elevation is seen in almost all cases, but it is not specific 
for the disease. Direct measurement of B-glucocere- 
brosidase activity in peripheral leukocytes is now the 
definite diagnostic procedure in Gaucher's disease.? 

There are two indications for splenectomy in Gaucher's 
disease, hematological abnormalities and mechanical 
problems. The hematological problems arise from 
Gaucher cell infiltration of the spleen causing hyper- 
splenism. Of the cytopenias seen, low platelet count is 
by far the most common. The clinical presentation is 
that of a bleeding disorder. Significant leukopenia and 
anemia do occur but are unusual prime indications for 
splenectomy. The hematological response to sple- 
nectomy is uniformly good with normalization of 
platelet and white blood cell counts on a short and long- 


TABLE 2. Operative Findings 








Blood Tx Size 
Pt. Incision (cc) Plat. Tx Drains (g) 
J.S. PM 1000 0 Sump 2200 
M.N. M 2000 0 0 2250 
P.N. SC 0 0 Sump 540 
C.K. sc 0 0 0 1900 
P.N. M 0 0 0 1009 
N.M. PM 0 0 Penrose 1730* 
M.J. SC 1000 20 units Hemovac 2100 
A.S. PM 0 0 Hemovac 3030 
N.K. SC 0 0 0 840* 
R.G. PM 0 0 Hemovac 870 





* 5 Accessory spleens. *2 Accessory spleens. 
PM — Paramedian; M — Midline; SC — Subcostal. 
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. term basis. The massive splenomegaly can lead to 
abdominal pain and obstructive signs which are readily 
relieved by splenectomy. Spontaneous splenic rupture 
is not a feature of this disease and, therefore, is not an 
indication for splenectomy. 
However, splenectomy does not alter the amount of 
glucocerebroside to be metabolized. Once the spleen 
is removed, accumulation of glucocerebroside in the 


-.. liver and bone may actually increase. Therefore, 
_. splenectomy should be deferred until hypersplenism 
^. .of mechanical symptoms present severe problems in 
E patient management. The major investigative effort 


at present is in developing enzymatic replacement 


* techniques which will prevent hematological ab- 


... normalities and relieve hepatic and orthopedic com- 
-- .plications.' 


Ann. Surg. e November 1979 
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“INDICATIONS: Based on a review of this | 
drug by the National Academy of Sci- | 
ences-- National Research Council and/or | 
other information, FDA has classified the | 
indications as follows: "Possibly" effective 
for the relief of moderate to moderately | 

severe pain in those. situations where the | 

| 
| 


physician wishes to add a mild sedative 
effect. Final classification of the less. | 
than-effective indications requires further 

| investigation. | 


Ba tachi i TS ON ORT es aS 


ONTRAINDICATIONS: Hypersensitivity to dihy- 
drocodeine, promethazine, aspirin, phenacetin. 
WARNINGS: Salicylates should be used with 
extreme caution in the presence of peptic 
ulcer or Coagulation abnormalities. 

Drug Dependence: Dihydrocodeine can pro- 
duce drug dependence of the codeine type 
and therefore has the potentia! of being 
abused. Psychic dependence, physica! depen. 
dence and tolerance may develop upon 
repeated administration of dihydrocodeine, 


hat it-form 
194.4 


and it should be prescribed and administered 
with the same degree of caution appropriate 
to the use of other oral narcotic-containing 
medications. Like other narcotic-containing 
medications, dihydrocodeine is subject to the 
provisions cf the Federal Controlled Sub- 
stances Act. Usage in Ambulatory Patients: 
Dihydrocodeine and promethazine may impair 
the mental and/or physical abilities required 
for the performance of potentially hazardous 
tasks such as driving a car or operating 
machinery. The patient using Synalgos-DC 
should be cautioned accordingly. Interactions 
with other Central Nervous System Depres- 
sants: Patients receiving other narcotic anal- 
gesics, general anesthetics, other phe- 
nothiazines, tranquilizers, sedative-hypnotics 
or other CNS depressants (including alco- 
hol) concomitantly with Synaigos-DC may 
exhibit an additive CNS depression. When 
such combined therapy is contemplated, the 
dose of one or both agents should be reduced. 
Patients who have demonstrated a hypersen- 





Apprehension and react 


pain make up the other very 
important half. And Syna'gos-DC 
is the analgesic that treats both 
halves of the pain probiem: 
Promethazine helps relieve ap- 
prehension and reaction to pain, 
while the analgesic components 
help relieve moderate to mod- 
erately severe pain? 


Synalgos-DC contains dihydro- 


codeine, a semisynthetic 
narcotic analgesic related to 
codeine, with multiple actions 
qualitatively similar to codeine. 
D status permits telephone 
prescriptions and authorized 
refills up to 5 times in 6 months 
(unless restricted by state law)... 
Dual-action Synalgos-DC 

takes pain off the mind. and 


mne al 


the mind off pain. 


the problem... 





sitivity reaction (e.g. blood cyscrasia, jaun- 
dice} with a phenothiazine should not be 
reexposed to any phenothiazine, including 
Svnalgos-DC, unless in the judgment of the 
physician the potential benefits of the treat- 
ment outweigh the possible hazards. Usage in 
Pregnancy: Reproduction studies have not 
been performed in animals. There is no ade- 
quate information on whether this drug may 
affect fertility in human males and females or 
has a teratogenic potential or other adverse 
effect on the fetus. Usage in Children: Since 
there is no experience in children who have 
received this drug, safety and efficacy in chil. 
dren have not been established. 

PRECAUTIONS: Phenacetin has been reported 
to damage kidneys when taken in large 
amounts for a long time. Promethazine should 
be administered cautiously to patients with 
cardiovascular or liver disease. Synalgos-DC 
should be given with caution to certain patients 
such as the eiderly or debilitated, and those 
with hypothyroidism, Addison's disease and 





prostatic hypertrophy and urethral stricture. 
ADVERSE REACTIONS: The most frequently 
observed reactions include lightheadedness, 
dizziness, drowsiness, sedation, nausea, vomit- 
ing, constipation, pruritus, skin reactions, and 
rarely, hypotension. 

DOSAGE AND ADMINISTRATION: Dosage 
Should be adjusted according to the severity of 
the pain and the response cf the patient. Syn- 
algos-DC is given orally. Tha usual adult dose 
is 2 capsules every 4 hours as needed for pain. 
DRUG INTERACTIONS: The CNS depressant 
effects of Synalgos-DC may be additive with 
that of other CNS depressents. See Warnings. 
Aspirin may enhance the effects of anticoagu. 
lants and inhibit the uricosuric effects of uri- 
cosuric agents. 


IVES LABORATORIES INC. 


New York, NY 10017 
Dedicated to improving the | 
quality of life, through Medicine” 
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NEW YORK UNIVERSITY 
POST-GRADUATE MEDICAL SCHOOL 


Announces 


A Symposium 


PIGMENTED NEVI AND MALIGNANT MELANOMAS 


Thursday to Saturday 


Course Directors: Alfred W. Kopf, M.D., A. Bernard Ackerman, M.D. 
and Stephen L. Gumport, M.D. 


This Symposium concerns the clinical, hist 
aspects of human malignant melanomas 


major theme. Special attention will be given to the diffi 
“borderline” lesions. Many of the concepts set forth by 


May 15 to 17, 1980 


ologic, immunologic and therapeutic 
and other pigmented lesions of the 
skin. Particular emphasis will be given to the most recent developments in this 
dynamic field. Application of current knowledge to clinical problems will be a 


cult, troublesome and 
the faculty during the 


program pertain to neoplasia in general. The format for the Symposium is a 
series of brief presentations of classical as well as new ideas about benign and 
unities and challenges for the future 


malignant melanocytic neoplasms. Opport 


in the diagnosis, prognosis and managemen 
presented in a series of Guest Lectures by outsta nding authorities 


t of melanocytic neoplasms will be 
on pigmented 


nevi and melanomas. Ample opportunity for audience participation will be 
provided, especially during the several "Pig mented Lesion Conferences’ where 
selected diagnostic and therapeutic problems will be discussed by a panel 


of experts. S 
— MAJOR PROGRAM TOPICS — 
Thursday - DIAGNOSIS OF PIGMENTED NEVI 
Friday - MANAGEMENT OF MALIGNANT MELANOMAS 
- TREATMENT OF MELANOMAS AT SPECIAL SITES AND ADVANCED 
MALIGNANT MELANOMAS 
Saturday - CLINICAL WORKSHOPS ON MELANOCYTIC NEVI AND MALIGNANT 


MELANOMAS 


— SPECIAL FEATURES — 


CLINICAL WORKSHOPS 


Clinical Aspects of Pigmented Nevi 


and Malignant Melanomas 


Dermatopathological Aspects of 


Pigmented lesions of the Skin 


Surgical Aspects of Malignant Melanomas 


GUEST FACULTY 


Alexander Bresiow, M.D. 


George Washington University School of Medicine 


Wallace H. Clark, Jr, M.D. 


University of Pennsylvania School of Medicine 


Thomas B. Fitzpatrick, M.D. 


Harvard Medical School 


Michael J. Mastrangelo, M.D. 


Temple University School of Medicine 


Thomas R. Wade, M.D. 


Eastern Virginia Medical School 


Fee $295 


Accreditation: 18 


For course brochure or further information, call or write: N.Y.U. Post-Graduate Medical School, 550 First Avenue, New Yor 


10016. 


COURSE SYLLABUS 


Each registrant will receive a 
recently published textbook on 
malignant melanomas and 
related pigmented lesions 
authored by members of 

the faculty. 


NEW YORK UNIVERSITY FACULTY 


A. Bernard Ackerman, M.D. 
Robert S. Bart, M.D. 

E. Mark Beckman, M.D. 
Jean-Claude Bystryn, M.D. 
Jay S. Cooper, M.D. 
Frederick M. Golomb, M.D. 
W. Robson N. Grier, M.D. 
Stephen L. Gumport, M.D. 
Matthew N. Harris, M.D. 
Alfred W. Kopf, M.D. 

Allen H. Postel, M.D. 
Anna Ragaz, M.D. 

Daniel F. Roses, M.D. 


4 credit hours in Category 1 of the Physicians Recognition Award of the A.M.A. Pending: Approval for 


18'^ Category 1 credit hours of the American Academy of Dermatology. 


(212) 679-8745. (24. hour telephone service— collect calls accepted) 


k, New York 


Over three thousand documented cases have proven the ACMI thin T-91S flexible sigmoidoscope 
to be first choice among surgeons for effectively examining the terminal 55cm of the colo-rectum. 
Superb maneuverability and thin diameter of the ACMI T-91S assures your patient of 
maximum comfort and a fast, thorough office procedure with highest diagnostic yield. Find out more 
about ACMI dependability and service. Write or call American Cystoscope Makers, Inc., 

300 Stillwater Avenue, Stamford, CT 06902. (203) 357-8300. 
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from a Negative. 


Trauma, sepsis, injury, and disease are all catabolic processes 
that can deplete the body’s nitrogen reserves. Aggressive 
nutritional support should be provided to restore a positive 
nitrogen balance. 




















= Deca-Durabolin is a powerful anabolic steroid which promotes tissue-building - 
orocesses and reverses catabolism. Used as an adjunct to other modes of 


. nutritional therapy, Deca-Durabolin may help to develop a positive nitrogen 











BRIEF SUMMARY: Please consult full product information in the package 
insert before prescribing. 


-.NAS/NRC review panels have classified Deca- 
"Durabolin possibly effective in the treatment of those 
conditions in which a potent tissue-building or protein- 
Span action is desired (e.g. pre and post surgical care, 

urns). | 





«| CONTRAINDICATIONS: 
_ 1. Male patients with carcinoma of the prostate or breast. 2. Carcinoma of the 
|. breastin some females. 3. Pregnancy, because of masculinization of the fetus. 
4. Nephrosis or the nephrotic. phase of nephritis. 

_ WARNING: Anabolic steroids do not enhance athletic ability. - 


71. Hypercalcemia may develop both spontaneously and as a result of hormonal 

. therapy in women with disseminated breast carcinoma. If it develops while on 

. this agent, the drug should be stopped. 2. Caution is required in administering 
<. these agents to patients with cardiac, renal or hepatic disease. Edema may 
4; @GCur occasionally. Concomitant administration with adrenal steroids or ACTH 
. may add to the edema. 3. If amenorrhea or menstrual irregularities develop 

: the drug should be discontinued until the etiology is determined. 













. Dosage of the anticoagulant may have tobe decreased in order 
to maintain the prothrombin time at the desired therapeu- 
tic level. 5. Anabolic steroids have been shown to 
alter glucose tolerance tests. Diabetics should 

be followed carefully and the insulin or oral 





 decanoate inject 







4. Anabolic steroids may increase sensitivity tooral anticoagulants. 


ba lance. Its high anabolic/androgenic ratio allows the employment of doses that | 
. provide significant anabolic effects with reduced risk of androgenic effects. 





hypoglycemic dosage adjusted accordingly. 6. Anabolic steroids should be © 
used with caution in patients with benign prostatic hypertrophy. 7. Serum 
cholesterol may increase during therapy. Therefore, caution is required- in 
administering these agents to patients with a history of myocardíal infarction or 
coronary artery disease. Serial determinations of serum cholesterol should:be : 
made anc therapy adjusted accordingly. 

ADVERSE REACTIONS: 

1. in Males: a. Prepubertal: 1) Phallic enlargement, 2) increased frequency of ` 
erections, b. Post-pubertal: 1) Inhibition of testicular function and oligospermia, 
2) Gynecomastia. 2. in Females: a. Hirsutism, male pattern baldness, deepening .. 
of the voice and clitoral enlargement: These changes are usually irreversible 
ever after prompt discontinuance of therapy and are not prevented by.. 
concomitant use of estrogens, b. Menstrual irregularities, c. Masculinization of 
the fetus. 3. In Both Sexes: a. Nausea, b. Increased or decreased libido;c. Acne 
(especially in females and prepubertal males), d. Inhibition of gonadotropin 
secretion, e. Bleeding in patients on concomitant anticoagulant therapy, f. 
Premature closure of epiphyses in children. 4. Alterations in these clinical. 
laboratory tests: a. The metyrapone test, b. Glucose tolerance test, c. The - 


thyroid function tests: a decrease in the PBI, in thyroxine-binding capacity and — 
radioactive iodine uptake, d. The electrolytes: retention of sodium, chlorides, = 
water, potassium, phosphates and calcium, e. Liver function tests: 1) Increased . = 
serum cholesterol, 2) Suppression of clotting factors Il, V. VII, and X. 5. There = 


have been rare reports of hepatocellular neoplasms and peliosis hepatis in. 
association with long-term androgenic-anabolic steroid therapy. 
SUPPLIED: : 
Deca-Durabolin (in sterile sesame oil solution for intramuscular injection) is. - 
available in a potency of 50 mg. /cc. with 10% benzyl alcohol (preservative ^ 
1 cc. ampuls, box of 4. NDC 3€ 0052-0696-14 uae 
. 2 cc. multiple dose vial. NDC 3*0052-0696-02 st 
Also available in a potency of 100 mg./cc. with 10% benzyl alcohol < 
(preservative): | : 
-2 cc. multiple dose vial. NDC 3: 0052-0697-02 
CAUTION: e 
Federal law prohibits dispensing without prescription. 
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an aerobic/anaerobic spectrum’ efficacy in a wide range 
that includes of infections caused by 
Bacteroides fragilis single or multiple pathogens 


* Active against most aerobic pathogens — gram-negative * Effective in a wide range of infections* — such as 
as well as gram-positive peritonitis 

¢ Active against most anaerobic pathogens — including intra-abdominal abscess 
B. fragilis skin and skin-structure infections 

* Active against most 6-lactamase-producing strains that | D e l 
destroy the activity of many cephalosporins and penicillins * due to susceptible strains of indicated bacteria at indicated sites 


t In vitro activity does not necessarily imply in vivo effectiveness. 


c e age st strains of Pseudomonas aeruginosa ' -" 
INCIL GOV BORED DRE e GE ES idi J DMEFOXIN is often referred to as a cephamycin in the scientific 


and enterococci (e g Strept coccus faex alls) and many | s 
strains of Enter ;bacter cloacae. Methicillin-resistant staphy | iterature 
lococci are almost uniformly resistant to MEFOXIN* (Cefoxitin 

Sodium, MSD 
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Mefoxin.. 
retoxitin Sodium MSD 


VIALS, containing 1 gram and 2 grams cefoxitin equivalent 


a 


© 


® profile of: 
«spectrum 


efficacy 
: safety 


safety 
comparable 
to cephalothin 


Generally well tolerated, the most common adverse reaction 
being local reactions following IV or IM injection. Contra- 


indicated in patients who have shown hypersensitivity to cefox- 


itin and the cephalosporin group of antibiotics. Give with 
caution to penicillin-sensitive patients. Antibiotics should be 
administered with caution to any patient who has demon- 
strated some form of allergy, particularly to drugs. If an allergic 
reaction to cefoxitin occurs, discontinue the drug. Serious 
hypersensitivity reactions may require epinephrine and other 
emergency measures. Use of the drug in women of child- 
bearing potential requires that the anticipated benefit be 
weighed against the possible risk 





A SIMPLE AND FAMILIAR DOSAGE REGIMEN 


Usual Adult Frequency and 
Type of Infection Daily Dosage Route 


Uncomplicated forms* of infections 
such as pneumonia, urinary tract 
infection, cutaneous infection 


1 gram every 6-€ 


3-4 grams hours IV or IM 


Moderately severe or severe 1 gram every 
infections 6-8 grams |4 hours or 2 qrar 
every 6 Q h« urs V 


2 grams every 
4 hours or 3 grams 
every 6 hours IV 


Infections commonly needing anti- 
biotics in higher dosage (e.g., gas 
gangrene) 


12 grams 


tinc uding patients in whom bacteremia is absent or unlikely 





For full details on dosage, see Prescribing Information 


*due to susceptible strains of indicated bacteria at MSD 
indicated sites 





For a brief summary of prescribing information, please S 
see following page. DOHME 
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idications: Treatment of serious infections caused by susceptible strains of the desig- 
ated microorganisms in the following diseases: 

OWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, 
aused by Streptococcus pneumoniae (formerly Diplococcus pneumoniae), other 
treptococci (excluding enterococci, e.g., Strep. faecalis), Staphylococcus aureus 
jenicillinase and non-penicillinase producing), Escherichia coli, Klebsiella species, 
emophilus influenzae, and Bacteroides species. 

ENITOURINARY INFECTIONS. Urinary tract infections caused by E. coli, Klebsiella 
pecies, Proteus mirabilis, indole-positive Proteus (i.e., P. morganii, P. rettgeri, 

nd P. vulgaris), and Providencia species. Uncomplicated gonorrhea due to N. 
onorrhoeae. 

VTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, 
aused by E. coli, Klebsiella species, Bacteroides species including the B. fragilis 
roup,* and Clostridium species. 

IYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic ìn- 
ammatory disease, caused by E. coli, N. gonorrhoeae, Bacteroides species including 
Ye B. fragilis group, * Clostridium species, Peptococcus species. Peptostreptococcus 
pecies, and group B streptococci. 

EPTICEMIA caused by Strep. pneumoniae (formerly D. pneumoniae), Staph. aureus 
jenicillinase and non-penicillinase producing), E. coli, Klebsiella species, and Bacte- 
Jides species including the B. fragilis group.* 

ONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non- 
enicillinase procuc ng) 

KIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and 
on-penicillinase producing), Staph. epidermidis, streptococci (excluding enterococci, 
Q., Strep. faecalis}, E. coli, P. mirabilis, Klebsiella species, Bacteroides species in- 
luding the B. fragilis group, + Clostridium species, Peptococcus species, and Pepto- 
freptococcus species. 

Ithough appropriate culture and susceptibility studies should be performed, ther- 

py may be started while awaiting these results. Cefoxitin is not active in vitro 

gainst most strains of Pseudomonas aeruginosa and enterococci (e.g.. Strep. 

tecalis) and many strains of Enterobacter cloacae. Methicillin-resistant staphylo- 

occi are almost uniformly resistant to cefoxitin. 

ontraindications: Previous hypersensitivity to cefoxitin and the cephalosporin 

roup of antibiotics. 

Varnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE 
0 DETERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHA- 
OSPORINS, PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION TO PENICILLIN- 
ENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO 
NY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY 
0 DRUGS. IF AN ALLERGIC REACTION TO CEFOXITIN OCCURS, DISCONTINUE THE 
IRUG. SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
ITHER EMERGENCY MEASURES. | 

recautions: The total daily dose should be reduced in patients with transient or persist- 
nt reduction of urinary output due to renal insufficiency because high and prolonged 
erum antibiotic concentrations can occur in such individuals from usual doses. As with 
ther antibiotics, prolonged use may result in overgrowth of nonsusceptible organisms; 
epeated evaluation of the patient's condition is essential. If superinfection occurs, take 
ppropriate measures. Increased nephrotoxicity has been reported following concomi- 
arit administration of cephalosporins and aminoglycoside antibiotics. 

3terference with Laboratory Tests—As with cephalothin, high concentrations (> 100 
ncg/ml) may interfere with measurement of serum and urine creatinine levels by the 


affé reaction and produce false increases of modest degree in creatinine levels reported; 


erum samples should not be analyzed for creatinine if withdrawn within 2 hours of ce- 
xitin administration. A false-positive reaction for glucose in urine has been observed 
vith CLINITESTS reagent tablets. 
'regnancy — n women of childbearing potential, weigh anticipated benefit against 
'Ossible risks. 
lursing Mothers — Cefoxitin is excreted in human milk in low concentrations. 
nfants and Children— Safety and efficacy in infants and children have not yet been 
istablished. 
idverse Reactions: The most common adverse reactions have been local reactions fol- 
owing intravenous or intramuscular injection. Other adverse reactions have been en- 
‘ountered infrequently. Local Reactions — Thrombophlebitis with intravenous 
idministration; pain, induration, and tenderness after intramuscular injections. Allergic 
leactions — Rash, pruritus, eosinophilia, fever, and other allergic reactions. Gastroin- 
estínal — Nausea, vomiting, and diarrhea. Blood — Transient leukopenia, neutropenia. 
ind hemolytic anemia; a positive direct Coombs test may develop in some individuals. 
specially those with azotemia. Liver Function — Transient elevations in SGOT, SGPT, 
erum LDH, and serum alkaline phosphatase. Renal Function — Elevations in serum 
reatinine and/or blood urea nitrogen levels. 
lote: In group A beta-hemolytic streptococcal infections, therapy should be maintained 
or at least 10 days to guard against the risk of rheumatic fever or glomerulonephiitis. In 
taphylococcal and other infections involving a collection of pus. surgical drainage 
hould be carried out where indicated. Intramuscular injections should be well within 
he body of a relatively large muscle such as the upper outer quadrant of the buttock 
ie.. gluteus maximus). aspiration is necessary to avoid inadvertent injection into a 
ood vessel. 
low Supplied: Sterile cefoxitin sodium in vials and infusion bottles containing 1 gram 
w2 grams cefoxitin equivalent. 
“or more detailed information, consult your MSD representative or see full prescrib- 
UO Merck Sharp & Dohme, Division of Merck & Co., Isc. West Point, 
?a. f 
$. fragilis. B. distasonis. B. ovatus. B. thetaiotaomicron, B. vulgatus MSD 
Registered trademark of Ames Company. Division of Miles Laboratories, inc MERGK 
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SECOND EDITION 
m 


illustrated Preoperative 


and Postoperative Care 


By Philip Thorek, M.D., F.A. C.S., F.I.C.5 
Illustrated by Carl Linden 


Relving on the use of original illustrations cou- 
led with succinct, on-target text, this second 
edition of Ilustrated Preoperative and Postopera- 
tive Care is a masterful exposition of Dr. Thorek's 
rich personal experience. 
Practicalitv is the theme as Dr. Thorek covers 
evaluation of the surgical patient, the immediate 
post-op period, the recoverv room, use of fluid 
and electrolvtes, chemotherapy, and surgical 
complications. The chapter on surgical pharma- 
cologv, new to this edition, includes the concepts 
of alpha and beta stimulators and blockers as 
they pertain to the therapeutic value of various 
drugs. 
The beautiful illustrations support the text ad- 
mirablv, and in many cases are fully explanatory 
in themselves. 
*... useful reference source for neophyte or 
experienced surgeon alike.”"—Military Medicine 
“.,. invaluable to any student, surgeon, resident, 
intern or clerk, who ever intends to do surgery 
of any type. —International Surgery. 
147 Pages * 79 ee rus Edition, 1973 ° 
12. 
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J. B. Lippincott Company 
East Washington Square e Phila., Pa. 19105 


Please send me: 
rJ ILLUSTRATED PREOPERATIVE 
AND POSTOPERATIVE CARE ....... $12.00 


m Payment enclosed Charge and bili me 
Save postage & handling Plus postage & handling 


Also available at your medical bookstore AS 11/79 
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Naumann 
Head & Neck Surgery 


Vol. |: Face and Facial Skull 
2nd Edition 


if you're familiar with the general surgical and clinical aspects of 
disorders of the head and neck, but require more detailed information 
on special surgical techniques, Naumann is the book for you. Organ- 
—. ized practically for the operating table, it provides you with detailed 
.— illustrations of operative methods backed by supportive textual 

s information. The authors, along with contributors from a variety of 

. — specialties, present explicit descriptions of established procedures 
and in some cases, alternative successful methods are mentioned. 
Complete bibliographic references are furnished for your conveni- 
ence. It's a book you ll want to refer to often. Order today. 

Edited by H.H. Naumann, Prot., Dr. Director, Universitats-Hals-Nasen- 


Ohren-Klinik, Munchen; and co-edited by R.A. Buckingham, Prot. of 
Otolaryngology, Abraham Lincoln School of Medicine, Univ. of Hlinois, 





Chicago. About 2400 pp. (Vol. 1 ofa 4 vol. set). Ready soon. Order #6663-9. 


Hendrickson & Kempson 


Surgical Pathology of the Uterine Corpus 
Major Problems in Pathology, 2 


This useful monograph on uterine tumors is profusely illustrated 
with photomicrographs of most examples of uterine pathology. it 
will also serve as a much-needed atlas of endometrial and myometrial 
pathology. Included in this comprehensive volume is information on: 
congenital uterine abnormalities, uterine bleeding and infertility, 
endometritis, and much more! 

By Michael R. Hendrickson, MD. Asst. Prof. of Pathology, Surgical 
Pathology Laboratory, Stanford Univ. Medical Center; and Richard L. 
Kempson, MD, Prof. of Pathology, Co-Director of Surgical Pathology, 
Stanford Univ. Medical Center. About 610 pp. 270 ill. About $36.00. 
Ready soon. Order #4644-1. 


Hill 
Outpatient Surgery 
2nd Edition 


A guide to the management of surgical problems in the outpatient, 
this book covers the entire field of surgery and its related specialties. 
Diagnostic and therapeutic considerations outlined for conditions 
requiring longer periods of hospitalization and major surgery provide 
helpful background information. Techniques for scores of minor 
REN surgical procedures are described and illustrated in detail. And, alter- 
~ nate approaches are sometimes indicated when the same condition 
E is treated by two physicians in separate specialties. 
By George J, Hill, H, MD, Prof. and Chairman, Dept. of Surgery, Associate 
Dean for Clinical Affairs, Marshall Univ. School of Medicine, Huntington, 
; West Virginia. About 1400 pp., 630 ill. About $50.00. Ready soon. 
Order #4676-X. 





Conley 
Complications of Head and Neck Surgery 


Dr. John Conley of Columbia University and 12 other prominent 
surgeons have merged their expertise to produce this comprehen- 
sive otolaryngologic study. Topics covered include such prevalent 
problems as hemorrhage, infection, thromboembolism, and compli- 
cations of specific head and neck operative procedures. Otolaryngol- 
ogists, maxillofacial, plastic, head and neck, and general surgeons 
will find this new book especially helpful. 

Edited by John Conley, MD, Clinical Prof. of Otolaryngology, Columbia 
Univ. College of Physicians and Surgeons. With 35 contributors. 524 pp. 
215 ill. $35.00. Aug. 1979. Order #2649-1. 


Cooley & Wukasch 
Techniques in Vascular Surgery 


. This current summary provides a ready source of information on 

... today's vascular surgical techniques. New concepts in the use of 

< grafts and graft materials, techniques of anastomosis and the treat- 

. ment of all types of vascular diseases are a few of the topics dis- 
cussed, Concise text accompanied oy clear, to-the-point illustrations 
and pertinent references add to along list of valuable features. 


By Denton A. Cooley, MD, Surgeon-in-Chief, Clinical Prof. of Surgery. The 
- Texas Heart institute of St. Luke's Episcopal, Houston, Texas; and Don C. 
^ Wukasch, MD, Attending Surgeon, Clinical Associate Prof., Texas Heart 
^; Institute. 282 pp. 102 ill. $37.50. Aug. 1979. Order #2700-5. 
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Grant 
Handbook of Total Parenteral Nutrition 


This much-needed new monograph provides the basic knowledge 
required for safe and effective administration of total parenteral 
nutrition. Grant provides easy reading in a highly useful manual 

by not going into excessive detail with basic research and labora- 
tory investigational material. Organized in a progressive manner, 
the book begins with initial patient evaluation and continues through 
sub-clavian catheter insertion, catheter maintenance, parenteral 
nutrition solution formulation, solution administration, and recogni-. 
tion and avoidance of metabolic and technical complications. You'll 
find coverage of every major advance made in intravenous nutrition 
over the past ten years. It's guaranteed to be invaluable! See for 
yourself and order now. There's a 30-day return privilege. 

By John P, Grant, MD, Director, Nutrition Support Service, Asst. Prof. 

of Surgery, Duke Univ. Medical Center, Durham, N.C. About 250 pp. 
Hlustd. About $18.00. Ready soon. Order #4210-1. 


Eisernan & Wotkyns 

Surgical Decision Making 

Here are guidelines in algorithmic form to the important decisions 
you must make daily. All stages of 142 common problems in clinical 
surgery are examined: diagnosis, pre-operative work-up, intra- 
operative and post-operative problems. Clearly drawn decision trees 
and concise text reveal the key signs, symptoms, and pre-operative 
tests, lab tests, and technical directions for each diagnostic or 
therapeutic step. 

By Ben Eiseman, MD, Prof. of Surgery; and Roger S. Wotkyns, MD, 


Assoc. Prof. of Surgery; both of Univ. of Colorado Medical Center, 
Denver. 319 pp. 152 graphs. $29.50, July 1978. Order #3343-9. 
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* Unsurpassed antiemetic action 
*12 dosage forms and strengths 






brand of 


prochlorperazine 


NOTE: Do not use 'Compazine' in pediatric surgery. 
Not recommended for children under 20 Ibs. or 2 years 
of age. in children with acute illnesses or dehydration, 
use only under close supervision. 


Before prescribing, see complete prescribing information 
in SK&F literature or PDR. The following is a brief 
summary. 

Indications: Management of the manifestations of psy- 
chotic disorders; management of psychoneurotic patients 
displaying primarily symptoms of moderate to severe 
anxiety and tension; and for control of severe nausea 

and vomiting. 


Compazine' has not been shown effective in the manage- 
ment of behavioral complications in patients with mental 
retardation. 


Contraindications: Comatose or greatly depressed states 
due to C.N.S. depressants; bone marrow depression; 
pediatric surgery. 


Warnings: The extrapyramidal symptoms which can occur 
. secondary to 'Compazine' may be confused with the 

. central nervous system signs of an undiagnosed primary 

disease responsible for the vomiting, e.g., Reye's syn- 

. drome or other encephalopathy. The use of 'Compazine' 
and other potential hepatotoxins should be avoided in 
children and adolescents whose signs and symptoms 
suggest Reye's syndrome. 


Avoid using in patients hypersensitive (e.g., blood dyscrasias 
or jaundice) to any phenothiazine. Caution patients about 
activities requiring alertness (e.g., operating vehicles or 
machinery) especially during the first few days' therapy. 
Prochlorperazine may intensify or proiong the action of 
other C.N.S. depressants. Not recommended for children 
under 20 pounds or 2 years of age. 


Use in pregnancy only when potential benefits outweigh 
hazards. 

Precautions: The antiemetic action of Compazine' may 
mask the signs and symptoms of overdosage of other drugs 
and may obscure the diagnosis and treatment of other 
conditions such as intestinal obstruction, brain tumor and 
Reye's syndrome (See WARNINGS). Postoperative aspiration 
Of vomitus has occurred in a few surgical patients who 
received prochlorperazine as an antiemetic. Deep sleep and 
coma have been reported, usually with overdosage. Patients 
on long-term therapy, especially high doses, should be 
evaluated periodically for possible adjustment or discon- 
tinuance of drug therapy. In children with acute illnesses or 





dehydration, use only under close supervision. 


Adverse Reactions: Drowsiness, dizziness, amenorrhea, 
blurred vision, skin reactions. Hypotension. Cholestatic 
jaundice, leukopenia, agranulocytosis. Fatty changes in the 
liver have been observed in a few patients who died while 
receiving the drug (no causal relationship has been estab- 
lished). Neuromuscular (extrapyramidal) reactions: motor 
restlessness, dystonias, pseudo-parkinsonism, persistent 
tardive dyskinesia. Contact dermatitis is a possibility with 
concentrate and injectable forms.. 


Other adverse reactions reported with Compazine 
(prochlorperazine, SK&F) or other phenothiazines: Some 
adverse effects are more frequent or intense in specific 
disorders (e.g., severe hypotension in mitral insufficiency 
or pheochromocytoma). 


Grand mal convulsions; altered cerebrospinal fluid proteins; 
cerebral edema; prolongation and intensification of the 
action of C.N.S. depressants, atropine, heat and organo- 
phosphorus insecticides; dryness of mouth, nasal con- 
gestion, headache, nausea, constipation, obstipation, 
adynamic ileus, inhibition of ejaculation; reactivation of 
psychotic processes, catatonic-like states; hypotension 
(sometimes fatal); cardiac arrest; pancytopenia, thrombo- 
cytopenic purpura, eosinophilia; biliary stasis; lactation, 
gaiactorrhea, gynecomastia, menstrual irregularities, false- 
positive pregnancy tests; photosensitivity, itching, erythema, 
urticaria, eczema up to exfoliative dermatitis; asthma, 
laryngeal edema; angioneurotic edema, anaphylactoid 
reactions; peripheral edema; reversed epinephrine effect; 
hyperpyrexia; a systemic lupus erythematosus-like syn- 
drome; pigmentary retinopathy; with prolonged administra- 
tion of substantial doses, skin pigmentation, epithelial 
keratopathy, and lenticular and corneal deposits. 


EKG changes have been reported, but relationship to 
myocardial damage is not confirmed. Discontinue long- 
term, high-dose therapy gradually. 


NOTE: Sudden death in patients taking phenothiazines 
(apparently due to cardiac arrest or asphyxia due to failure 
of cough reflex) has been reported, but no causal relation- 
ship has been established. 


Supplied: Tablets — 5, 10 and 25 mg., in bottles of 100; 
Spansule? capsules — 10, 15, 30 and 75 mg., in bottles of 
50; Injection — 5 mg./ml. in 2 ml. ampuls, 10 mi. vials, 
and 2 ml. disposable syringes; Suppositories — 2-1/2, 5 
and 25 mg.; Syrup —5 mg./5 ml.; Concentrate (intended 
for institutional use only) — 10 mg./ml.; Single Unit Pack- 
ages of 100 (intended for institutional use only) — 5 and 
10 mg. tablets; 10, 15 and 30 mg. 'Spansule' capsules. 


Smith Kline SFrench Laboratories. 
Philadelphia, PA 
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384 (Sterile Ticarcillin Disodium) 
for Intramuscular or Intravenous Use 


For complete prescribing information, consult official package insert 


ACTIONS: Ticarcillin is bactericidal: it is not absorbed orally. there- 
fore. it must be administered intravenously or intramuscularly. 


INDICATIONS: TICAR (Ticarciflin Disodium) is indicated for the 
treatment of the following infections: 
Bacterial septicemiat 
Skin and soft-tissue infectionst — 
Acute and chronic respiratory tract infections tt 
se by susceptible strains of Pseudomonas aeruginosa. 
TOleus species (both indole-positive and indole-negative) 
and Escherichia coli 
t Though clinical improvement has been shown. bacterio- 
logical Cures Cannot be expected in patients with chronic 
respiratory disease or Cystic librosis.) 
Genitourinary tract infections (complicated and uncomplicated! 
due to susceptible strains of Pseudomonas aeruginosa. Pro- 
reus species (both indole-positive and indole negative }. 
Escherichia. coli, Enterobacter and Streptococcus faecaits 
fenterococcus}. 

Ticarcillin is also indicated in the treatment of the following 

infections due to susceptible anaerobic bacteria: 

ii Bacterial septicemia 

(2) Lower respiratory tract infections such as empyema. anaerobic 
pneumonitis and lung abscess. 

(3) intra-abdominal infections such as peritonitis and intra-abdomi- 
nal abscess (typically resulting from anaerobic organisms resi- 
dent in the normal gastrointestinal tract). 

(4) Infections of the female pelvis and genital tract such as endo- 
metritis, pelvic inflammatory disease, pelvic abscess and 
salpingitis. 

i&i Skin and soft-tissue infections. 

. Although Ticarcillin is primarily indicated against Gram-negative 

infections, its in vitro activity against Gram-positive organisms 

Should be considered in treating infections caused by both Gram- 

negative and Gram-positive organisms. l 

Based on the in vitro synergism between Ticarcillin and genta- 
micin sulfate or tobramycin sulfate against certain strains of 

Pseudomonas aeruginosa. combined therapy has been successful. 

using full therapeutic dosages. M 
Culturing and susceptibility testing should be performed initially 

and during treatment. 


CONTRAINDICATIONS: A history of allergic reaction to any of the 
penicillins is a contraindication. 


WARNINGS: Anaphylaxis may occur, especially in patients with an 
aliergic diathesis. Check for a history of allergy to penicillins. 
cephalosporins or other allergens. Hf an allergic reaction occurs. the 
drug should be discontinued uniess. in the opinion of the physician. 
the condition being treated is life-threatening and amenable only to 
Ticarcillin therapy. Serious anaphylactic reactions require immediate 
emergency treatment with epinephrine, oxygen. intravenous steroids 
and airway management — UM 

Some patients receiving high doses of Ticarcillin may develop 
hemorrhagic manifestations associated with abnormalities of Coagu- 
lation tests. Patients with renal impairment, in whom excretion of 
Ticarcillin is delayed. should be observed for bleeding manifesta- 
tions. Such patients should be dosed strictly according to recom- 
mendations. if bleeding manifestations appear. Ticarcillin treatment 
dig discontinued and. if necessary. appropriate therapy in- 
stituted. 


PRECAUTIONS: During prolonged treatment. periodic checking for 
organ system dysfunction (renal, hepatic and hematopoietic) is 
advisable. if overgrowth of resistant organisms occurs. the appro- 
priate therapy should be initiated. ete 

Since the theoretical sodium content is 5.2 milliequivalents (120 
mg) per gram of Ticarcillin, electrolyte and cardiac status should 
be monitored carefully. l 

in a few patients receiving intravenous Ticarcillin, hypokalemia 
has been reported. Serum potassium should be measured 
periodically. 
USAGE DURING PREGNANCY: Reproduction studies have been 
performed in mice and rats and have revealed no evidence of 
impaired pale or harm to the fetus due to Ticarcillin. There are 
fo well-controlled studies in pregnant women. but investigational 
experience does not include ah positive evidence of adverse 
effects on the fetus. Although there is no peany defined risk, 
such experience cannot exclude the possibility of infrequent or 
subtle damage to the fetus. Ticarcillin should be used in pregnant 
women only when clearly needed. 


ADVERSE REACTIONS: The following adverse reactions may 
occur: skin rashes, pruritus, urticaria, drug fever, nausea. vomiting. 
anemia, OC RODA leukopenia. daly salto eosinophilia. 
SGOT and SGPT elevations have been reported, Patients. especially 
those with impaired renal function, may experience convulsions or 
neuromuscular excitability when very high doses of the drug are 
administered us 

local reactions at the site of injection have been reported. 
Vein irritation and phiebitis can occur, particularly when undiluted 
Solution is directly injected into the vein. 


DOSAGE AND ADMINISTRATION: Usual adult recommended dos 
age in bacterial septicemia. respiratory tract infections. skin and 
soft-tissue infections, intra-abdominal infections and infections of 
the female pelvis and genital tract. is 3 grams by intravenous in- 
fusion every 3. 4 or 6 hours depending on weight and d of 
infection: in uncomplicated urinary tract infections. 1 gram LM. or 
m A qid; in complicated urinary tract infections. 3 grams q i.d. 
N. infusion. 
Please consult official package insert for details on dosages for 
patients with renal insufficiency, children, neonates and directions 
Of USE. 
Supplied: 
1 Gm, 3 Gm and 6 Gm Standard Vials 
3 Gm and 6 Gm Piggyback Bottles 
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Surgical 
Oncology 
Fellowships 
at NIH 


The Surgery Branch of the National 
Cancer Institute, National Institutes of 
Health, Public Health Service, is 
offering a limited number of two-year 
Fellowship (Clinical Associate) 
positions to outstanding candidates 
who have completed at least two years 
of residency training in surgery. 


The surgical oncology training program 
consists of six to eight months of 
primary clinical responsibility for 
surgical patients on the wards of the 
Clinical Center of the National 
Institutes of Health. The remaining 
time is spent in full-time laboratory 
research. A third year of continued 
research experience is provided for 
selected surgical Fellows. Emphasis is 
placed on a broad multi-disciplinary 
view of cancer management and in an 
intensive laboratory research 
experience. 


Trainees who qualify for the 
Commissioned Corps, U.S. Public 
Health Service, have a starting salary 
of $21,600 with a variety of additional 
benefits plus a substantial bonus in the 
third year. Moving and travel expenses 
are paid and health care is free for 
Commissioned Corps. Comparable 
civilian fellowships are also available. 
Positions begin on July 1, 1981, 1982. 
For further information and for 
application procedures, contact: 


Dr. Steven A. Rosenberg 
Chief, Surgery Branch 
National Cancer Institute 
National Institutes of Health 
Public Health Service 

Bldg. 10, Room 10N116 
Bethesda, MD 20205 
Telephone: (301) 496-4164 


An NIH Associate Program 
An Equal Opportunity Employer 








Thrombotic Complications of Heparin Therapy 


Including Six Cases of Heparin -Induced Skin Necrosis 


PATRICK W. WHITE, M.D.,* JOHN R. SADD, M.D.,f RICHARD E. NENSEL, M.D.t co 


Thrombotic complications of heparin administration were 
observed in eight patients during a two year period. At sites 
oo of subcutaneous heparin injection, six patients developed areas 
< f the skin and subcutaneous necrosis. Systemic thrombotic 
- events and thrombocytopenia were observed in two of these 
patients. when they received intravenous heparin and in two 
- ther patients who did not have primary skin necrosis. 
- The complications included peripheral ischemia in three 
c patients: (two requiring amputation), myocardial infarction 

— in two, and a cerebral infarction in one. All patients were 

receiving heparin for at least six days before complications 
occurred. Seven patients received heparin of bovine origin. 
Heparin-induced in vitro platelet aggregation was present 
in all six of the eight patients tested. (It was marked in four 
of these patients). It is theorized that skin necrosis and the 
other thrombotic complications observed are the result of 
heparin-induced in vivo platelet aggregation followed by 
intravascular thrombosis. Heparin-induced skin necrosis is a 
rare but serious hazard encountered with prophylactic heparin 
regimens, If heparin-induced thrombosis is present, the further 
use of heparin is contraindicated in most instances. 










o EPARIN IS A NATURALLY Occurring, strongly acidic 
H sulfated mucopolysaccharide. Many types with 
¿varying actions have been isolated from different 
.. animals and different tissues. It is not a single com- 
. — . pound but a collection of compounds of different chain 
- lengths and molecular weights which possess similar 
repeating saccharide units and functional groups.?5 
The anticoagulant function of heparin is a result of its 
ability to accelerate the action of the enzyme inhibitor 
antithrombin III. Thrombin, as well as the coagulation 
factors IX, X, and XI, are slowly inactivated in the 
presence of this substance. When heparin is added to 
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the solution inactivation is almost instantaneous.*8 
Factor X is quite sensitive to low concentrations of 
the heparin-antithrombin complex. Minidose heparin 
probably inhibits the coagulation cascade at this 
point." Once thrombin has been generated, much 
larger doses of heparin are required to interrupt the 
clotting process. 

In recent years, heparin has become a popular agent 
for the prevention of deep venous thrombosis (DVT) 
in postoperative or immobilized patients. Prophylactic 
measures seem warranted because pulmonary em- 
bolism is a major cause of death in patients under- 
going elective operations. Many studies have shown 
that minidose heparin reduces the incidence of DVT 
and two studies have recorded a decrease in fatal 
pulmonary emboli.?7°° More recent papers have 
stressed the complications seen with heparin in general 
and minidose prophylactic heparin in particular. 

The most common problem following the use of 
heparin is hemorrhage. In the minidose therapeutic 
trials reviewed by Pachter and Riles*! the incidence 
of hemorrhagic complications varied from 0 to 14%. In 
their own series, it was 2796. They therefore raise the 
question of whether the morbidity of the cure out- 
weighs the morbidity of the primary disease. The oc- 
currence of other nonhemorrhagic complications with 
heparin use lend further strength to this statement. 
Heparin, in rare instances, has been associated with 
thrombocytopenia and in the potentiation of arterial 
embolization. These complications have been associ- 
ated with prophylactic heparin use in only four pa- 
tients.?*^ Anaphylaxis is also reported with heparin?! 4 
but apparently has not been recognized in recent mini- 
dose trials. | 

Skin necrosis at the site of heparin administration is 
arare occurrence. However, six patients with this com- 
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plication were treated during a two year period at The 
Toledo Hospital. All six patients were receiving bovine 
lung heparin (Upjohn) as prophylaxis against DVT. 
Two additional patients are presented who developed 
ischemia of the legs while receiving heparin for sus- 
pected venous disease. These two patients represent 
new cases of heparin-induced thrombocytopenia with 
thrombotic sequelae. Of these two patients, one re- 
ceived porcine intestinal heparin (Elkin-Sinn) and the 
other bovine heparin (Upjohn). 


Methods 


The eight patients described in this paper were all 
admitted to surgical services for nonhematologic prob- 
lems. After the development of skin necrosis or throm- 
botic events associated with thrombocytopenia, six of 
them were seen in consultation by the authors. Two 
patients, N.R.M. and S.H., were seen after their dis- 
charge from the hospital when all lesions had resolved. 

Activated partial thromboplastin times (PTT) were 
determined on a Sherwood Lancer Coagulyzer which 
utilizes a photo electric endpoint for clot determina- 
tion. Normal range in this laboratory is 20—29 seconds. 

Platelet estimations were determined from appro- 
priate areas of peripheral blood smears by multiplying 
the average number of platelets in five high power 
fields by a factor of 10,000. Actual platelet counts were 
performed on a Coulter Thrombocounter C—a type of 
electronic particle counter. 

Blood obtained for platelet aggregation studies was 
handled in a fashion designed to minimize trauma and 
inadvertent platelet alterations. Only siliconized 
glass or plastic materials were used in collection 
and processing. 

Samples for aggregation studies were drawn into 
plastic syringes and immediately gently mixed with 
3.8% Citrate. Platelet rich plasma was obtained after 
centrifugation at 900 rpm and platelet poor plasma after 
centrifugation at 2400 rpm. Final platelet rich mixtures 
were standardized to about 250,000/mm? for use in 
aggregation testing. Studies were performed on a 
Chrono-log Dual Channel model 4340 Aggregometer? 
with attached dual channel 10 millivolt recorder. All 
reaction mixtures were constantly agitated and main- 
tained at 37° during the procedure. PH was not re- 
corded during the studies reported in this paper. Sub- 
sequent tests done under identical conditions have re- 
vealed a pH of 7.6 to 7.7 in the platelet rich plasma 
during and following aggregation with all the aggregat- 
ing agents. 

The standard aggregating reagents were ADP in final 
concentrations of 10 ug/ml (50 4 M/ml) and 1 ug/ml 
(S uM/mD, epinephrine in concentrations of 10 
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pe/ml (25 uM/ml) and 2 pg/ml (5 uM/ml), and 
soluble calfskin collagen in a final concentration of 0.2 
mg/ml. The final test concentrations for heparin in the 
aggregating mixture were 0.5 and 0.6 units/ml. Pre- 
vious studies in this laboratory had revealed that a 
heparin concentration of 0.5 units/ml resulted in an ele- 
vation of the APTT to 40 to 60 seconds. 

Normal control specimens were always tested at the 
same time as patients’ specimens. A second control 
group consisted of 25 patients who had recently under- 
gone cardiac surgery. These patients had been 
heparinized during surgery, but were free of any mani- 
festations of heparin-induced thrombosis. 


Case Reports 


Patient H.D. When admitted for a total hip arthroplasty, this 
49-year-old woman suffered from severe degenerative arthritis, 
hypertension and diabetes mellitus. She had lost 20 kg in prepara- 
tion for surgery, but was still obese. On the first postoperative day, 
subcutaneous heparin injections were begun. The PTT was monitored 
daily and remained normal. Ambulation progressed on a normal 
schedule. On the sixth postoperative day, a purple discoloration 
appeared on the right flank. Heparin was injected in the left flank 
later in the day and then discontinued. Within 12 hours the right 
flank contained a large band of skin necrosis (Fig. 1). An identical 
lesion later appeared on the left side. Hemorrhagic bullae de- 
veloped in 24 hours. The patient complained of severe burning 
pain for four days, but as the cuff of erythema surrounding the 
necrosis resolved, pain diminished. 

Excision with primary closure was performed 19 days later. 
Ischemic necrosis extended through the subcutaneous tissue and 
into the muscle. Microscopic examination revealed necrosis 
juxtaposed to normal tissue. Six months later an arthroplasty was 
performed on the opposite hip. Heparin was again administered 
for six days but was given intravenously. Platelet counts were not 
obtained. There were no complications. 

Patient N.L. (Fig. 5A). This 55-year-old woman was admitted for a 
right knee arthroplasty. She was obese, hypothyroid, and had 
insulin dependent diabetes mellitus. The platelet count on ad- 
mission was grossly normal. Mild T-wave abnormalities were 
present on the electrocardiogram. Subcutaneous heparin injections 
were started two hours before the operation and continued post- 
operatively. Daily PTT's were normal. She initially did well, 
ambulating with a walker on the third day. On the eighth post- 
operative day she complained of pain in the left chest and in the 
left lower abdomen at the site of heparin injections. Within 36 hours 
a necrotic eschar surrounded by an erythematous cuff had formed 
in the left lower abdomen. Two days later a second lesion appeared 
on the right side. Subcutaneous injections were stopped on the 
following day, but the same dose was given intravenously. The 
chest pain resolved but pain in the area of necrosis became severe. 
A spiking fever to 39* developed. The fever was thought to be 
secondary to the necrotic lesions and they were excised. The entire 
layer of subcutaneous adipose tissue was necrotic, but no hematomas 
or abscesses were present. 

In the postoperative period, intermittent intravenous heparin was 
resumed. An electrocardiogram performed following surgery sug- 
gested anterior wall ischemia. Chest pain occurred on the follow- 
ing day and ischemic changes were more pronounced. The serum 
sodium was 118 and the hematocrit had fallen over two days from 32 
to 26. Three days after the excision frank changes of an inferolateral 
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infarct were present. Her serum sodium had risen to 124 meg/l, 
but her level of consciousness deteriorated and she became de- 
cerebrate. Her temperature rose to 40.3° but there was no apparent 
origin for the fever. On all blood counts performed during this 
period, platelets were noted to be decreased. Heparin was dis- 
continued and by the following day the platelet count was normal. 

A cerebral infarct was diagnosed by computerized axial 
tomography. For three days the patient had continuous focal motor 
seizures. Thereafter, she slowly improved but was left with an ex- 
pressive aphasia and nght hemiparesis. 

Patient R.U. This 50-year-old woman suffered from recurrent 
superficial bladder tumors over a three year period. Two trans- 
urethral resections, a segmental bladder resection and intravesical 
thiotepa were employed in treatment but hematuria again de- 
veloped. She was therefore admitted for a radical cystectomy. 
She also suffered from ischemic heart disease with angina pectoris. 
The platelet count on admission was normal. 

A spiking fever developed postoperatively. At re-exploration a 
necrotic ileal segment was removed, and a new conduit constructed. 
Venous thrombosis was noted in the resected specimen. In order to 
prevent thrombosis in the reconstructed conduit, heparin was ad- 
ministered. Initially, the heparin was injected into the abdominal 
wall or given intravenously. Daily PTT's were within two to 11 sec- 
onds of control. On the sixth postoperative day the buttocks be- 
came the site of injections. Two days later, a circular region of skin 
necrosis appeared. The next injection of heparin was placed just below 
this area and a second lesion developed. Heparin was discontinued 
and dipyridamole and aspirin were started. The erythematous 
borders resolved rapidly and excision was not necessary. 

Patient N.M. This 77-year-old man complained of epigastric pain 
and weight loss. On admission, the hematocrit was 41, but fell to 33 
prior to surgery; the platelet count was normal. At laparotomy, an 
unresectable gastric carcinoma was uncovered. A gastrostomy 
tube was placed and the abdomen was closed. Subcutaneous 
heparin was started two hours prior to the operation and continued 
postoperatively. Three days later the tube was found to be lying free 
in the peritoneal cavity. It was replaced under anesthesia. Ab- 
dominal distension became severe and he was unable to eat. 

A horizontal band of skin necrosis appeared in the right lower 
quadrant of the abdomen on the eighth postoperative day (Fig. 2). 
Hemorrhagic bullae were present but there was no tenderness. 
Heparin was discontinued and a skin biopsy was obtained. Several 
estimations of the platelet count were done prior to the onset of 
necrosis and all were normal. A numerical count on the ninth post- 
operative day was 125,000/mm?. On the following day, he became 
acutely dyspneic and a respiratory arrest followed an episode of 
vomiting. An autopsy was refused. 

Patient M.O. (Fig. 5B) This 64-year-old woman sustained a fracture 
of the midshaft of the right femur. She had been in good health except 
for chronic asthma and mild arterial hypertension. She was obese 
with mild dyspnea on admission. Her hematocrit was 41% and the 
platelet count was normal. Arterial blood gases on room air were 
Po,-57, Pco,37. After being placed in traction, her wheezing 
transiently worsened but improved with theophylline. Since she was 
at risk of developing DVT, subcutaneous heparin was started three 
days after admission. Eight days later, a purple discoloration ap- 
peared in the left lower abdomen. Within 24 hours bilateral narrow 
bands of skin necrosis were present (Fig. 3). The patient complained 
of severe burning pain and acute tenderness in the area of erythema 
surrounding the necrosis. Subcutaneous heparin was stopped, but 
the same dose was given intravenously for seven days. When 
venous access became difficult, heparin was discontinued and 
warfarin was started. Wheezing worsened and prednisone was 
started. 
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Calf tenderness appeared the day after heparin was stopped and 
the left foot appeared mildly cyanotic. Even though she was 
adequately anticoagulated with warfarin, a continuous infusion of 
heparin was started three days later as treatment for suspected DVT. 
Warfarin was discontinued. She rapidly became confused and rest- 
less and her respiratory status worsened. On 2 | of oxygen per min- 
ute, she had a Po, of 53 and a Pco, of 54. Both feet became deeply 
cyanotic and symmetric areas of skin necrosis appeared on the 
medial aspects (Fig. 4). Nevertheless, pedal pulses remained strong. 
Heparin was stopped after 48 hours. Within 24 hours she was alert 
and breathing comfortably. Four days after the heparin was 
stopped, a long leg cast was applied. The remainder of her hos- 
pitalization was uneventful. All skin lesions resolved without 
excision. 

Patient N.R. M. This 56-year-old woman had a gastric ulcer which 
did not heal during treatment with antacids and a bland diet. Be- 
cause of the possibility of cancer, she underwent a vagotomy and 
gastric resection. The ulcer was benign. Heparin was started two 
hours before the operation and continued in the postoperative 
period. On the sixth postoperative day a fever of 39.2? developed. 
The chest roentgenogram showed bilateral pleural effusions; the 
lung scan was negative. Cephalothin was started and the fever re- 
solved in 48 hours. 

On the eighth postoperative day, purple tender lesions appeared 
at heparin injection sites. Within 24 hours three areas of necrosis 
were present which progressed to formation of hemorrhagic bullae. 
The black areas were surrounded by a ring of acutely painful 
erythema. Warm saline soaks were applied and pain resolved over 
four days. Two lesions resolved after discharge, but the largest lesion 
required excision and primary closure. 

Patient A.L. (Fig. 5C) This 74-year-old woman with severe 
degenerative disease of her left hip was admitted for an arthroplasty. 
Her only other medical problem was mild hypertension. The 
hematocrit on admission was 44 and the platelet count 231,000. Sub- 
cutaneous heparin was started two hours before surgery and con- 
tinued in the postoperative period. 

On the ninth postoperative day, the right leg became cold and 
pulseless. A thrombectomy was performed and a continuous heparin 
drip instituted. Thereafter, the right leg was viable but two sub- 
sequent thrombectomies on the left leg did not restore adequate cir- 
culation. All thrombi were composed of aggregates of platelets and 
fibrinogen. Heparin was stopped 16 days after the initial operation 
and on the following day, the left leg was amputated above the knee. 

Platelets were decreased in number on all estimates done between 
postoperative day ten and 17, but the count rose rapidly when 
heparin was discontinued. The PTT never rose above 38 even though 
she was receiving 24,000 units of heparin daily. 

Patient S.H. This 58-year-old man was admitted for an arthroplasty 
of the left hip. He was otherwise healthy and had a normal hematocrit 
and platelet count. Prophylactic subcutaneous heparin was started 
on the third postoperative day. The patient made a rapid uncom- 
plicated recovery and was discharged 9 days after surgery (Fig. 5D). 

Two days later he was readmitted with right sided chest pain 
and fever. A right basilar opacity was seen on the chest roentgeno- 
gram. He was treated empirically with antibiotics and improved. A 
pulmonary embolus was suspected, however, and after a perfusion 
lung scan showed multiple right basilar defects, a continuous in- 
fusion of heparin was instituted. Within hours after the first dose of 
heparin, the patient sustained an acute inferolateral myocardial 
infarct. Simultaneously, he became confused and combative. A 
ventilation scan suggested that the perfusion defects were of in- 
flammatory origin but heparin was continued because a pulmonary 
embolus rather than pneumonitis was still suspected on clinical 
grounds. His legs became cyanotic and the pedal pulses were im- 
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palpable. Nevertheless, arteriography demonstrated patent vessels. 
A diagnosis of “phlebitis with associated vasospasm” was made. 
Ás general deterioration continued, he had vivid hallucinations 
and severe leg pain. Warfarin and dextran were employed. The 
popliteal pulses disappeared and areas of skin necrosis appeared 
on both feet as well as large areas on the right thigh and left flank. 
Since the latter areas of necrosis were considered to be subcutaneous 
hemorrhage, all anticoagulants were stopped. Platelets were esti- 
mated only on the last day of treatment. They were noted to be 
markedly decreased. 

Within four days the patient's pain resolved and he was mentally 
alert. The left flank lesion was debrided and covered with multiple 
skin grafts. The right leg was amputated below the knee. Pathologic 
examination revealed skin and subcutaneous necrosis, but very mild 
ischemic changes in the calf muscles. Severe atherosclerosis af- 
fected the tibial arteries but they were patent. Recent thrombi 
filled the veins. 
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Ten weeks after admission the patient suffered a second myo- 
cardial infarct. Heparin was continuously infused for 6 days with- 
out complications. The patient was discharged three weeks later. 


Results 


Table 1 summarizes the characteristics and admitting 
diagnoses of the six patients who developed skin 
necrosis at injection sites. All six patients were receiv- 
ing subcutaneous bovine heparin as a prophylactic 
measure against DVT. Five were recovering from a 
surgical procedure and one was immobilized following 
a femoral fracture. The patients ranged in age from 49 to 
77. All were Caucasian and five were women. All five 
women had two or more separate necrotic lesions, 
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TABLE I. Characteristics of Patients with Skin Necrosis 


Diabetes mellitus, obesity, hypertension 
Diabetes mellitus, obesity, hypothyroidism 
Ischemic heart disease 


rr 


Procedure 
Hip arthroplasty 
Knee arthroplasty 
Ileal conduit 
Laparotomy 


Obesity. asthma 


Patient Age Sex Primary Disease 
H.D. 49 F Degenerative arthritis 
N.L. SS F Degenerative arthritis 
R.U. 50 F Bladder cancer 

N.M. 77 M Gastric cancer 

M.O. 60 EF Femoral fracture 
N.R.M 56 F Benign gastric ulcer 


Diabetes mellitus 


Partial gastrectomy 
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most of which were larger than the single lesion in the 
single male patient. Three patients were diabetic and 
three had undergone major osseous trauma. 

The total daily heparin dosage varied from 9,000 to 
20,000 units (Table 2). Six to nine days after treatment 
had begun, most patients complained of pain at the in- 
jection sites. Only patient N.M. denied discomfort. The 
quality of the pain was most often described as burn- 
ing. Within 6—12 hours of the first complaint, areas of 
necrosis had appeared. Over the next 24 hours the 
necrotic margins became well demarcated. The lesions 
were surrounded by a cuff of painful erythema. Over 
a period of four to six days, the inflammation resolved 
and the pain disappeared. All lesions were on the 
anterior abdominal wall except for one woman who 
received her final injections in the buttocks. Lesions 
of the abdominal wall often lay on a horizontal axis as if 
following a dermatomal distribution. The lesions on the 
buttocks of patient R.U. were circular. Bullae filled 


TABLE 2. Heparin Therapy and Results in 
Patients with Skin Necrosis 





Onset of 
Necrosis (Days 


After Heparin Site & Size 


Patients Dosage Instituted) (in cm.) 
H.D. 5.000 Q6H 6 Abdomen 
R—30 x 10 
L—4 x 1 
N.W. 5,000 Q8H 8 Abdomen 
R-—6.5 x 1.5 
L—3 x 2 
R.U. 5,000 Q12H 8 Buttocks 
2 lesions 2.5 x 2.5 
N.M. $.000 Q8H — 9 Abdomen 
4 days R—10 « 5 
3,000 Q8H — 
5 days 
M.O. 5,000 Q8H 9 Abdomen 
R—25 x 3 
L —12 x 4 
N.R.M. 5.000 QI2H R Abdomen 
R —approximately 
12 x 10 


L—2 small lesions 





with serous fluid usually appeared soon after the 
necrotic lesions were demarcated. Three lesions were 
excised with primary closure of the defects, but only 
one was removed during the acute phase. A fourth 
lesion was biopsied. 

Table 3 lists the known drugs which the eight re- 
ported patients received immediately prior to their ad- 


TABLE 3. Medications Received by Patients with 


Thrombotic Complications of Heparin 


Medications Taken 


Medications Received Prior 
to Onset of Skin Necrosis 





Patient Prior to Admission or Thrombotic Event 
H.D. ibuprofem Cephapirin 
Percodan Ibuprofen 
Chlorthalidone Meperidine 
Furosemide Promethazine 
Triavil 
N.I Fenoprofen Calcium Cephapirin 
Insulin Insulin 
Dessicated thyroid Meperidine 
Secobarbital 
R.U. Dipyridamole Cephazolin 
Bufferin Cephalexin 
Triavil Gentamicin 
Pentazocine Ampicillin 
Pentazocine 
Secobarbital 
N.M. Percodan Cephalothin 
Flurazepam Prochlorperazine 
Meperidine 
Promethazine 
M.O. Hydrochlorthiazide Warfarin 
Asbron Prednisone 
Theophylline 
Terbutaline 
Meperidine 
N.R.M. None Recorded Cephalothin 
Meperidine 
A.L. Phenylbutazone Cephapirin 
Indomethacin Meperidine 
Ibuprofen 
Aspirin 
Chlorthalidone 
S.H. Phenylbutazone Cephalothin 
Indomethacin Erythromycin 
Aspirin Warfarin 
Dessicated Thyroid Dextran 


Morphine Sulfate 


aas E e T aa III étui Mtt oreet UU Hei t iret tates Itin Ne 











Vol. 190 e No. 5 


100 
90-4 P.C. 125,000 


ac 


% CHANGE 
IN 

OPTICAL 

DENSITY 


t- imin-tr 


Fic. 6. Platelet aggrega- 


tion studies. (a, top left) Pa- PATENTEN: 
tient N.M. (b, top right) 
Patient M.O. (c, bottom left) — !99 
Patient N.R.M. (d, bottom 904 pc. 221.000 
right) Patent A.L. #0 
70 
60 c 


PATIENT N.R.M. 


COMPLICATIONS OF HEPARIN THERAPY 





601 


i00 







90+ p»c.170.000 


£ 
H 


PATIENT M.O. 


so 
70 
60 
so 
40 
30 
20 
10 






n 
90- P.C. 100,000 


PATIENT A.L. 


C-COLLAGEN 0.2 mg./mi. H-BOVINE HEPARIN 0.3-0.6 Units mi. 
E -Epinephrine Su mi. 


mission and during their hospital stay prior to the oc- 
currence of the skin necrosis or the thrombotic com- 
plication. Four of the six patients with skin necrosis 
and six of the total of eight patients were receiving 
nonsteroidal anti-inflammatory drugs on a regular basis 
before admission. Aspirin, ibuprofen, fenoprofen cal- 
cium, phenylbutazone and indomethacin all belong to 
this class of drugs. After being started on heparin only 
one patient received any of these drugs. Patient H.D. 
received ibuprofen on the first postoperative day but 
it was then discontinued. Thus six patients had a 
common history of chronic antiinflammatory drug use 
with cessation at the time of surgery or in the immediate 
postoperative period. It is also of note that seven of 
the eight patients received a cephalosporin derivative 
in the week prior to the appearance of necrosis. 

Little data on coagulation functions were recorded 
during the initial phases of necrosis. Prothrombin times 
were not obtained for any of the patients on the initial 
day of skin necrosis. Partial thromboplastin times were 
obtained for three patients and all were normal. None 
of the patients had platelet counts on the initial day of 
necrosis, but two patients had normal counts on the 
succeeding day and one had normal values two days 
before and two days after. After the lesions appeared, 
heparin was discontinued in four of the patients, but 
continued by the intravenous route in two others. In 
these two patients, platelet counts fell rapidly and both 
sustained complications possibly related to acute 
vascular occlusion. 


In vitro platelet aggregation studies were performed 
in four of the patients with skin necrosis at heparin 
injection sites, and also in the two patients with prob- 
able thrombotic complications of heparin. In no case 
was spontaneous platelet aggregation noted over a 20 
minute test period. All samples had a normal single 
phase response to ADP. Curves resulting from stim- 
ulation with epinephrine, collagen, and bovine heparin 
in four of the patients appear in Figure 6. Aggrega- 
tion with epinephrine yielded a normal biphasic curve 
except in patient S.H. who was receiving aspirin. Sec- 
ondary phase aggregation was not present in this 
patient. The aggregation curve following collagen stim- 
ulation was normal in all samples except that obtained 
from A.L. In this patient the response was delayed 
and of low amplitude. The cause of the poor response 
was not apparent. Table 4 lists the results obtained 
when bovine and porcine heparin were added to platelet 
rich plasma. The addition of bovine heparin caused sig- 
nificant aggregation in one to five minutes in five of the 
six patients tested. The curves generated by heparin 
most closely resembled those seen with collagen. Four 
of the eight patients were tested with porcine heparin. 
In two patients, H.D. and N.R.M., the response was 
comparable to that seen with bovine heparin. Patient 
A.L. responded strongly to bovine heparin but had no 
response to procine heparin. S.H., the one patient who 
did not respond to bovine heparin, had a weak response 
to porcine heparin. This last patient was the only pa- 
tient who is known to have received aspirin in the week 


TABLE 4. Results of Platelet Aggregation Studies 
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Degree of 





Aggregation 

Interval Since —MM— — 
Patient Last Heparin Bovine Porcine 
H.D. I6 Months + + 
N.L. N.T. 
R.U. N.T 
N.M. | Day d N.T. 
M.O. | Day + + N.T. 
N.R.M 5 Weeks ++ N.T. 

5 Months + + 

A.L. i Day ct 0 
S.H. 2 Months 0 + 


prior to the performance of aggregation studies. 
Heparin-induced aggregation was not observed in any 
patient in the two control groups. All controls re- 
sponded normally to the other agents. Microscopic 
examination of the excised specimens and the one 
biopsy revealed extravasation of red cells into the 
dermis and subcutaneous tissue. Inflammation was 
minimal in the skin biopsy taken from patient N.M. 
approximately 36 hours after the onset of apparent 
necrosis. Other specimens were obtained 5-19 days 
after the onset of necrosis and showed marked lym- 
phocytic infiltration. The veins and capillaries were 
occluded by fibrin thrombi, but the arteries appeared 
spared. There was no evidence of vasculitis. The speci- 
men from patient N.M. was the only one tested for 
immunoglobulin and complement deposits. This speci- 
men had a fine granular deposit of IgM and comple- 
ment C3 along the dermal- epidermal junction but not 
in vascular or perivascular tissue. This patient had no 
history of schleroderma. 


Discussion 


Skin necrosis at the site of heparin injections has 
been previously reported in only six patients. O Toole*? 
reported four patients in 1973. After five to nine days of 
treatment, erythema developed at injection sites and 
progressed to frank necrosis of skin and underlying 
fat. One middle-aged woman was given subcutaneous 
heparin following a total hip arthroplasty. A necrotic 
lesion developed on the seventh postoperative day, 
heparin was discontinued, and 36 hours later she had 
pulmonary embolization. When 6,000 units of heparin 
was administered intravenously, she gradually became 
confused and hypotensive. Administration of epi- 
nephrine reversed these symptoms, warfarin was used 
for anticoagulation, and the patient recovered. 

Hume? reported a patient in 1973 who developed 
4 areas of skin necrosis on his abdomen while re- 
ceiving 5,000 units of heparin every eight hours. He 
was recovering from a total hip replacement. A his- 
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tory of multiple drug allergies was obtained. In 1975, 
Hill? reported the case of a 50-year-old woman who 
had undergone internal fixation of a femoral neck frac- 
ture. She received 3,500 to 5,00 units of heparin every 
four to six hours. She developed an acutely painful 
ecchymotic area on her abdomen immediately after 
the injection. Over several days the center of the lesion 
became necrotic with marked erythema of the margins. 

Two mechanisms of heparin-induced skin necrosis 
were proposed by these three authors. O'Toole and 
Hume felt that the lesions grossly resembled a localized 
Arthus reaction. Hill proposed that a hematoma re- 
sulted from a laceration of the epigastric artery and 
caused pressure necrosis of the skin. 

It is unlikely that heparin-associated skin necrosis 
is the result of inappropriate administration with local 
tissue trauma. At The Toledo Hospital, the nursing 
staff follows a rigid protocol for heparin administra- 
tion. The usual site of injection is the abdominal wall. 
The skin is pinched, a 25 gauge one-half inch needle 
inserted to its full depth and the injection made. Bovine 
heparin (Upjohn) at a strength of 10,000 units/ml is 
used exclusively. This method differs somewhat from 
the one described by Griffith and Boggs'" and em- 
ployed by Kakkar” in his extensive trials. They sug- 
gest that a concentrated solution, 25,000 units/ml, be 
given through a 26-gauge needle. No individual nurse 
gave more than one injection which resulted in necrosis. 
Furthermore, the lesions are not hematomas as would 
be expected if heparin were administered traumati- 
cally; they are, rather, regions of tissue necrosis. 

The Arthus reaction is a hypersensitivity reaction 
initiated when antigen reacts in tissues with precipitat- 
ing antibody. Microprecipitates are formed in and 
around the walls of small vessels and neutrophils in- 
vade the area. Fibrin thrombi form and in severe re- 
actions, red cell extravasation and necrosis may follow. 
Heparin-induced lesions are similar but evidence of a 
vasculitis has been lacking in the few specimens 
examined. Thrombosis rather than immunoglobulin 
deposition seems the more likely primary event. 

Heparin-induced platelet aggregation and throm- 
bosis, rather than hemorrhage or vasculitis, is the 
probable cause of the skin necrosis seen at heparin 
injection sites. Previous authors have implicated 
heparin as a causative factor in pathologic throm- 
bosis* "^^? and more recent papers have noted the 
simultaneous occurrence of profound thrombocyto- 
penía.'?35546 A moderate decrease in the platelet 
count seems fairly common and has not been associated 
with clinically evident thrombosis." 

In 1973, Rhodes et al. described two patients with 
such an abnormal response to heparin and in 1977*? 
added six more patients to the series. Six of the pa- 
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tients were receiving intravenous heparin as treatment 
for pulmonary embolism (three), thrombophlebitis 
(two), or arterial embolism (one). Two were receiving 
subcutaneous heparin as postoperative prophylaxis. 
Nine to twelve days after heparin was started, each 
patient had a thrombotic or hemorrhagic incident. 
Simultaneously, the platelet count was found to be 
severely depressed in the range of 4.000 to 30,000. 
The platelet count rose immediately following cessa- 
tion of heparin therapy. Several other authors have 
noted heparin-induced thrombocytopenia, but in their 
studies heparin was usually discontinued before any 
complications occurred.'^'? In a few cases, throm- 
bocytopenia was diagnosed after the appearance of 
ecchymoses.?'?* Four other cases of thrombosis asso- 
ciated with heparin-induced thrombocytopenia are re- 

Babcock et al.'? described five patients with heparin- 
induced antiplatelet antibodies, but only one had a 
thrombotic event apparently unrelated to his primary 
disease. A 56-year-old man undergoing treatment for a 
pulmonary embolus developed profound throm- 
bocytopenia. Within hours of receiving ten units of 
platelets, his right iliac artery thrombosed. Baird et al.? 
reported three patients who developed aortoiliac 
thrombosis while receiving intermittent intravenous 
heparin for DVT (two) or pulmonary embolus (one). 
In two of these patients, thrombocytopenia was first 
noted on the ninth day of treatment; the thrombotic 
events occurred on the seventh and ninth days. The 
third patient had an immediate anaphylactic response 
to bovine heparin and developed a thrombosis dur- 
ing the fourth day of treatment with porcine heparin. 
Patients A.L. and S.H. in this paper are new examples 
of heparin-induced thrombocytopenia and thrombosis. 

Other patients have been reported who experienced 
exacerbation of their primary thrombotic disease while 
on heparin.'** Two patients with heparin-associated 
disseminated intravascular coagulation have also been 
described.” Both were being treated for throm- 
bophlebitis when they developed hemorrhagic diathe- 
ses, on the thirteenth and fifteenth day of treatment. 
Coagulation studies were consistent with disseminated 
intravascular coagulation with marked thrombocyto- 
penia. Both patients expired and had cardiac mural 
thrombi at autopsy. It is likely that these two patients 
represent a variant of the syndrome of heparin-induced 
platelet aggregation. 

Earlier papers associated heparin with arterial em- 
bolism, but thrombocytopenia was not recorded. Weis- 
mann et al. described ten such patients. Several of 
them were being treated for primary arterial disease 
and the relation of heparin to new thrombi or emboli 
is not clear. Complications occurred on the eighth to 
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fifteenth day of treatment. Roberts et al.*** reported 
1] patients who developed multiple arterial emboli 
while receiving heparin as prophvlaxis or as treatment 
for venous thrombosis. All patients had been receiving 
heparin by the subcutaneous route for at least ten days. 
Spacklen et al.^* reported one similar patient in 1966. 

Table 5 lists the characteristics of the well-docu- 
mented patients who have manifested thrombotic com- 
plications in association with heparin-induced throm- 
bocytopenia. All except one of these patients and all 
the patients reported by Weismann and Roberts had 
received heparin for at least eight days prior to the 
thrombotic complication. 

Of the 14 cases in Table 5, nine were women. Rob- 
ert's series of 11 contained nine women. All but one 
patient was over the age of 44. The route of heparin 
administration did not seem to make a difference. Com- 
plications have occurred with both continuous and 
intermittent intravenous infusion as well as the sub- 
cutaneous route. 

It seems likely that platelet aggregation plays an 
important part in the pathogenesis of skin necrosis at 
heparin injection sites. Patients with skin necrosis have 
many characteristics in common with those patients 
who developed heparin-related thrombosis. All pa- 
tients in this study were receiving heparin for at least 
six days before the necrosis occurred, they were 49 
years of age or over, and most of them were women. 
However, none of the patients was shown to have a 
markedly decreased platelet count while on sub- 
cutaneous heparin. Most patients had only platelet 
estimations. In general counts above 100,000 to 120,000 
are judged normal. Patient N.M. had a count of 125,00 
on the day following the onset of necrosis, but was 
normal by estimation. Thus a moderate decrease in a 
patient's platelet count would have gone unrecognized. 
Even though marked thrombocytopenia was not docu- 
mented, four of the six patients had heparin-induced 
in vitro platelet aggregation. Two patients were not 
tested. It is likely that heparin induced the same re- 
action in vivo. Heparin probably caused local platelet 
aggregation with subsequent thrombosis in vessels sur- 
rounding the site of injection. Significant platelet con- 
sumption probably occurred, but not to the point that 
thrombocytopenia was evident by gross estimation. The 
presence of fibrin thrombi in the veins and capillaries 
of the fresh specimens lends further strength to this 
proposition. This is the type of thrombus which results 
from intravascular aggregation of platelets. 

Patients have been described who developed distant 
thrombosis while they were receiving subcutaneous 
heparin. Rhodes reports two such cases and patient 
A.L. in this report is a third. It is not clear why heparin- 
induced in vivo platelet aggregation should manifest 
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TABLE $5. Patients with Thrombotic Complications of Heparin Other than Skin Necrosis 


——áÓ P EE EE DR 


Lowest 
Day of Day of Count 
Type of Compli- — First Low (thou- 
Author Age Sex Indication Heparin* Route cation Count sands) Event 
Babcock 1) 56 M Postop P.E. B NR D B 6 16 Thrombosis of right 
iliac artery 
Baird eA 423 F Postop D.V.T. NR LE Z) y 9 37 Aortoiliac thrombosis 
3) 31 F P.E. NR LI. 3) 9 9 46 Aortoiliac thrombosis 
4) 49 M D.V.T. BAP LI 4) 4 | 50 Aortoiliac thrombosis 
Rhodes 5) 69 F P.E. B&P I 5) 9 5 Recurrent P.E. 
6) 36 F D.V.T. B I 6) i2 15 17 Myocardial infarct, skin 
necrosis 
7) 32 F PE: B I 7) 10 12 23 Recurrent P.E. 
8) 51 F Prophylaxis B S 8) 8 3 54 Aortoiliac occlusion 
9) 46 F Prophylaxis B S 9j 11 14 30 Intracerebral hematoma 
10) 44 M D.V.T. B | 10) 8 9 15 Myocardial infarct 
11) 58 F Arterial thrombosis B I [D 12 12 40 Aortoiliac thrombosis 
12) 50 M PE. B I 12) 10 i4 15 Myocardial infarct 
White 13) 74 F Prophylaxis B SQ-C.I i3) 9 19 97 Bilateral femoral 
thrombosis 
14) 58** M P.E. P SQ-C.I 14) 10* 20 N.T Gangrene of feet, skin 


eet m tard ele ae re AMA AE MM t rr eee Pd i MA Str i m rere nisi NIIS aru HEP eth INA AN I t pea rm 


NR: Not Recorded. 
* B: Bovine, P: Porcine. 
SQ: Subcutaneous, I: Intravenous, LI: Intermittent Intravenous, 


itself by local skin necrosis in some patients and as 
arterial occlusion in others. In patients with skin 
necrosis there may be a factor independent of the pri- 
mary aggregating effect of heparin which keeps the 
reaction localized. Poor absorption or poor circulation 
to subcutaneous fat may slow the clearing of heparin 
from the injection site. If skin necrosis is a localized 
manifestation of an individual’s sensitivity to heparin, 
systemic thrombosis and thrombocytopenia should 
occur if these patients receive intravenous heparin. 
The clinical courses of patients N.L. and M.O. are 
examples of this situation. Both patients had local skin 
necrosis, were then given intravenous heparin, and 
developed thrombocytopenia and systemic complica- 
tions possibly related to the intravascular thrombosis. 
N.L. had a myocardial and cerebral infarct. M.O. 
developed respiratory failure and peripheral cyanosis 
with skin necrosis on her feet. With cessation of 
intravenous heparin, clinical improvement and resolu- 
tion of thrombocytopenia were immediate. The oc- 
currence of skin necrosis is a warning. More serious 
complications may follow the use of intravenous 
heparin. 

Results of studies on the normal interaction of 
heparin with platelets are confusing and contradictory. 
According to Han and Ardlie? and several other 
authors, heparin’s normal effect on platelets is to inhibit 
irreversible aggregation and reduce the release re- 
action.^*?9? Other authors have reported just the 


necrosis, myocardial 
infarct 


C.L: Continuous Intravenous. 
** Six days on subcutaneous heparin, four days on no anti- 
coagulant, then heparin resumed. 


opposite effect under similar conditions. 5 Eika work- 
ing with normal platelets demonstrated that eight com- 
mercial heparins induced in vitro aggregation. How- 
ever, Han and Ardlie showed that this was an artifact 
of platelet storage at 4^. In dogs, profound but transient 
thrombocytopenia occurs within three to five minutes 
following intravenous heparin administration.'? In 
humans, similar but less rapid and less profound throm- 
bocytopenia has been recorded by some authors® 5 
but not by others.??*? Gollub and Ulin’? reported an 
average decrease of 33% in the platelet count one-half 
hour after the intravenous administration of 4,000 units 
of heparin. Within two hours the count returned to 
the preadministration levels. The thrombocytopenia 
could be rapidly reversed by protamine or reinstituted 
by additional heparin. They proposed that transient 
sequestration rather than destruction and replacement 
was the most likely mechanism of this effect. Zucker®! 
proposed that contaminants in early heparin prep- 
arations may have been responsible for the fall in 
platelet counts noted in older studies. However, two 
recent studies have again demonstrated heparin- 
induced thrombocytopenia. In 1976, Bell et al.5 re- 
ported platelet counts below 100,000 in 3176 of patients 
receiving heparin. He again raises the question of a 
possible thromboplastic contaminant in commercial 
heparin. In 1977, Mims et al.** demonstrated heparin- 
induced in vitro platelet aggregation in patients with 
severe burns. Grottum?? demonstrated that several 
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polybases and heparin cause a decrease in the electro- 
phoretic mobility of platelets. These substances 
probably absorb to the platelet surface and change the 
surface charge. Shamberge et al.?! have demonstrated 
the binding of tritium-labelled heparin to the platelet 
membrane. When the platelet mobility is decreased to 
8596 of normal, platelets aggregate. Grottum showed 
that low concentrations of heparin decrease mobility 
but aggregation is minimal. Higher heparin concentra- 
tions increase electrophoretic mobility and no ag- 
gregation occurs. Nevertheless, Han and Ardlie pro- 
posed that the most likely cause of transient heparin- 
induced thrombocytopenia was the change of surface 
charge. 

An immunologic basis for heparin-induced throm- 
bocytopenia has been suggested by the studies of sev- 
eral authors. Patients with positive immunologic 
studies include several of those with thrombotic com- 
plications who have already been discussed plus other 
patients with delayed onset of thrombocytopenia. 
Fratantoni et al. demonstrated a "serum factor" 
which aggregated normal platelets in the presence of 
heparin and his patient's serum. Using a platelet factor 
HI availability technic, Babcock et al.' detected 
heparin-dependent platelet antibodies in four of five 
formerly thrombocytopenic patients. Rhodes* dem- 
onstrated an IgG heparin-dependent antiplatelet anti- 
body in four patients and an IgM antibody in another. 
An IgM antibody was demonstrated in a 69-year-old 
woman by Wahl et al.” This patient also had positive 
in vitro platelet aggregation studies with bovine and 
porcine heparin. In an editorial, however, Bell? relates 
that other examiners have been unable to demonstrate 
an immunologically mediated reaction in patients who 
became thrombocytopenic while receiving heparin. No 
immunologic tests were performed during the studies 
described in this paper. However, the latent phase of 
six to eight days is the approximate period required 
for immunoglobulin production. It is likely that there 
are at least two mechanisms by which heparin causes 
thrombocytopenia—first, an immediate, transient, 
nonimmune, direct effect and second, an immuno- 
logically mediated process first seen after at least six 
days of treatment. The former process seems more 
common, but the latter seems to carry a greater po- 
tential of harm. 

Patients receiving heparin should have platelet 
counts done frequently. When skin necrosis at heparin 
injection sites is the only manifestation of heparin- 
induced thrombosis, thrombocytopenia may not be 
present. However, when heparin is given intravenously 
to a sensitive patient or when systemic thrombotic 
symptoms are present, the platelet count is usually 
strikingly depressed. The development of thrombocy- 
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topenia should alert the physician to the possibility 
of heparin-induced aggregation in patients with non- 
specific or minimal symptoms. Major complications 
may be averted by early recognition of the condition 
and immediate withdrawal of heparin. Platelet ag- 
gregometry seems to be the best means at present 
to confirm the diagnosis. However, the study cannot be 
performed until heparin is cleared from the system 
and until the platelet count has risen to 50,000— 100,000. 
Several days may pass before some patients reach this 
level. A sufficiently concentrated aliquot of platelet 
rich plasma cannot be obtained from severely throm- 
bocytopenic blood. Initial studies seeking to dem- 
onstrate aggregation using the patients’ serum and 
control platelets have been disappointing, but studies 
are continuing. At this time, treatment in the form 
of heparin withdrawal must be instituted before a 
definite diagnosis by aggregometry can be made. 

The specific diagnosis of heparin-induced platelet 
aggregation altered the treatment of only one of the 
eight patients in this series. In patient M.O. heparin 
was discontinued in the face of a clinical diagnosis 
of D. V.T. In all the other patients, heparin was stopped 
either because it was no longer needed for prophylaxis 
(patients H.D., R.U., N.M., N.R.M.) or because 
hemorrhagic problems were feared (patients N.L., 
A.L., S.H.). Withdrawal of the heparin was the only 
treatment which M.O. received. Pathologic platelet 
aggregation should cease when all the heparin is 
metabolized or excreted. In some patients a more 
rapid reversal of heparin's effect may be desirable, 
but no drugs have been tested in this regard. Protamine 
rapidly reverses the anticoagulant effect of heparin 
and may be of value in treating its thrombotic effect 
as well. Aspirin inhibits platelet aggregation by block- 
ing the prostaglandin-dependent secondary phase. 
This drug is effective in the treatment of patients with 
spontaneous platelet aggregation.?^9? It may also be 
effective in patients with heparin-induced aggregation 
If the aggregation is mediated by the prostaglandin 
pathway. If Protamine or aspirin inhibit the platelet- 
aggregating effect of heparin in the platelet ag- 
gregometer, they may be clinically useful in the acute 
treatment of this disorder. 

Activation of the enzyme lipoprotein lipase by 
heparin mediates the release of free fatty acids (F.F.A.) 
from serum triglycerides. Marked elevations of F.F.A. 
have been implicated in the etiology of several prob- 
lems including accelerated thrombosis. Certain popula- 
tions are especially prone to develop such elevations. 
Most diabetics respond to heparin with an extremely 
exaggerated release of F.F.A.*'*? Obese individuals 
have chronically elevated F.F.A. levels.??49 In the 
present series, three patients were diabetic and three 
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were obese. A total of four patients manifested one 
problem or the other. These patients would be prone 
to develop toxic F.F.A. levels in the presence of 
heparin. 

Several theories have been proposed to explain the 
relation of elevated F.F.A. levels to thrombosis*’— 
micellar formation with activation of the Hageman 
factor,'^ direct endothelial damage," or increased 
platelet stickiness.” Even though heparin causes eleva- 
tion of F.F.A. levels, any tendency to thrombosis is 
normally overridden by heparin's primary anticoagulant 
effect. However, in patients wherein heparin is acting 
as a thrombogenic agent, toxic levels of F.F. A. may 
play a role in thrombosis or local tissue damage. 

Skin necrosis as a complication of therapy with 
coumarin conjeners is a well recognized, but also rare, 
occurrence. According to a recent review, approxi- 
mately 150 cases have been recorded in the world lit- 
erature.’ Less than ten cases have been associated 
with warfarin sodium, the conjener most frequently 
used in the United States. The gross appearance of 
these lesions is identical to those seen with heparin 
and the microscopic appearance is very similar. In 
both lesions, fibrin thrombi occlude the capillaries and 
venules with relative sparing of the arterioles. 
Coumarin-induced lesions, however, are sometimes 
associated with a vasculitis and a similarity to the 
Schwartzmann reaction has been noted.??^** Both drugs 
effect women more frequently than men. Women repre- 
sent 92% of the victims of coumarin-induced necrosis 
and five of seven patients in this report. Although the 
gross lesions are identical, several pathogenetic 
factors differ. Coumarin-induced lesions seem to pro- 
gress more slowly. Thirty-six to 72 hours usually 
elapse from the time of the onset of pain to the de- 
marcation of a necrotic area. Heparin-induced lesions 
are demarcated at 18—36 hours. The initial symptoms 
of coumarin toxicity occur on the third to fifth day 
of treatment, whereas heparin problems are never seen 
before the sixth to eighth day. 

Coumarin-induced necrosis is a localized manifesta- 
tion of a drug which is distributed systematically; 
whereas most heparin-induced sloughs occur where 
heparin is concentrated. Two patients in this report 
developed skin necrosis while on intravenous heparin. 
M.O. developed symmetric lesions on her feet and 
S.H. lost large regions of skin from his left flank and 
right thigh. Both patients had had previous thrombotic 
problems probably induced by heparin and both re- 
ceived warfarin on the two days preceding the appear- 
ance of the lesions. Thus, it is impossible to say for 
sure which drug was responsible. Either heparin is 
capable of causing localized necrosis when given sys- 
temically or patients with heparin-induced thrombosis 
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are prone to develop coumarin-induced necrosis. Some 
type of synergistic effect may also be present. 

Heparin and coumarin are both anticoagulants, but 
are otherwise very dissimilar drugs. It is not apparent 
why they should cause similar lesions when the lesions 
do not seem to be hemorrhagic in nature. Throm- 
bocytopenia had never been reported in patients with 
coumarin-induced necrosis. One of the stages of the 
lesions described by Nalbandian, however, is a 
petechial rash; but he ascribes the rash to the rupture 
of dilated capillary loops and not to a deficiency 
of platelets. Nevertheless, the effect of coumarin on 
the platelets of patients with coumarin-induced 
necrosis bears study. Similar lesions may develop 
by similar mechanism. 

Commercial heparin is derived from two major 
sources— bovine lung and porcine gut. Specific 
sensitivity to one type of heparin was reported in sev- 
eral patients in the older literature.“ Curry!! reported 
a patient with anaphylaxis in response to beef heparin. 
Bovine heparin precipitated in the presence of the 
patient's serum. Porcine heparin and normal bovine 
and porcine sera caused no reaction. Porcine heparin 
was subsequently used with no ill effects. Bernstein? 
described a similar patient but the patient did not have 
a clinical trial of porcine heparin. Hauch”? described 
three patients who developed asthmatic symptoms 
and urticaria in response to pork but not to beef heparin. 
All these patients except Curry's and most other pa- 
tients with anaphylactic or asthmatic reaction to 
heparin had a previous history of allergy. One of the 
patients reported by Baird? (previously discussed in 
this paper) had an anaphylactic response to bovine 
heparin but tolerated porcine heparin. Nevertheless, he 
developed aortoiliac occlusion while receiving the 
latter drug. No history of allergy is related for this 
patient, nor is it a common attribute of other patients 
with heparin-induced thrombocytopenia. Only two pa- 
tients in the present series (M.O. and N.R.M.) 
had a history of allergic disease. Patient M.O. had a 
long history of asthma. The deterioration of her 
respiratory function was probably a manifestation of 
heparin sensitivity. This is likely because the severity 
of the symptoms paralleled the dosage of heparin. 
When heparin was discontinued, symptoms rapidly 
cleared. 

Thrombocytopenia is not a complication limited ex- 
clusively to one type of heparin. Many papers on this 
topic do not relate the type of heparin employed; but 
in those papers which do state the type both species 
are at times implicated. However, most patients with 
thrombocytopenia and all previously reported patients 
with serious thrombotic complications were receiving 
bovine heparin at some time during their course 
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(Table 5). In the present series, all the patients with 
skin necrosis at injection sites received bovine heparin. 
Patient S. H., however, received only porcine heparin. 
In Bell’s® series of 52 patients receiving bovine heparin, 
16 developed thrombocytopenia; in Malcolm's?? series 
of 25 patients receiving porcine heparin, none had 
platelet counts below 100,000. The clinical impression 
that heparin of bovine origin is the major cause of 
heparin-induced thrombosis or thrombocytopenia is 
not supported by past laboratory investigation. In all 
previously reported cases where in vitro platelet ag- 
gregation and immunologic studies were done, the re- 
sponse to the two types of heparin was the same. 

Patient A.L. differs significantly from this pattern. 
As previously stated, bovine heparin was a potent 
stimulant to platelet aggregation and porcine heparin 
had no effect. Thus, thrombotic complications of 
heparin may in some cases be species specific. Platelet 
aggregometry may be able to determine which pa- 
tients are sensitive to only one type of heparin. On 
the basis of specific sensitivity determined by ag- 
gregometry, a clinical trial of another type of heparin 
seems warranted if it is strongly indicated. Such a trial 
was not carried out in any patient in this series. 


Conclusions 


Heparin-induced skin necrosis is a serious but un- 
common complication of subcutaneous heparin injec- 
tions. A total of 12 patients have now been reported. 
It probably represents a localized manifestation of 
heparin-induced platelet aggregation and thrombosis. 
Several facts support this theory. The patients bear 
several similarities to patients with systemic heparin 
toxicity, i.e. delayed onset, propensity to effect 
women, and the occurrence of thrombocytopenia and 
systemic thrombosis when intravenous heparin is em- 
ployed. Furthermore, heparin-induced platelet ag- 
gregation was demonstrated in vitro. Microscopy re- 
vealed ischemic necrosis with fibrin thrombi occluding 
capillaries and venules. Arterioles were relatively 
spared. 

The initial clinical symptom of skin necrosis is burn- 
ing pain at a heparin injection site occurring six to 
eight days after treatment is begun. Within 18 hours, 
well demarcated areas of necrosis are present. Acute 
pain and circumferential erythema persist for about 
four days. When heparin is given intravenously to 
patients who are prone to aggregation, a variety of 
symptoms may occur. Confusion, hemiparesis, dysp- 
nea, and precordial or extremity pain have been ob- 
served in patients in this study. 

The diagnosis of heparin-induced platelet aggrega- 
tion should be strongly suspected whenever necrosis 
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Occurs at an injection site or when thrombocytopenia 
or localized ischemic symptoms occur in a patient re- 
ceiving heparin. /n vitro platelet aggregometry seems 
to offer the best method at present for verifying this 
suspicion. However, with the present methodology, 
the results may be equivocal if the platelet count is 
markedly depressed. Aggregometry may also be of value 
in demonstrating sensitivity to a specific type of 
heparin. 

Discontinuation of heparin is the most important 
therapeutic measure. The occurrence of skin necrosis 
is a warning— more serious problems may develop if 
systemic heparin is used. Platelet transfusions are prob- 
ably contraindicated while heparin is still in the circula- 
tion. It is possible that protamine or aspirin could 
be used to rapidly reverse the thrombotic effects of 
heparin, but this theory has yet to be applied in clinical 
medicine. If anticoagulation is still required when 
heparin is stopped, coumarin or an antiplatelet drug 
may be employed. 
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Saphenous Neuralgia 


A Complication of Vascular Reconstructions Below the Inguinal Ligament 


RAPHAEL ADAR, M.D., F.A.C.S., EUGENE MEYER, M.D., AMIKAM ZWEIG, M.D. 


Although relatively frequent in our experience saphenous 
neuralgia (SN) is not usually reported as a complication of 
vascular operations below the inguinal ligament. In 55 patients 
undergoing extended deep femoral angioplasty (EDFA, n = 28) 
and femoropopliteal bypass graft (FPBG, n = 27) special at- 
tention was paid to incidence and severity of postoperative 
SN. Severe early postoperative SN was seen in 8/28 patients 
with EDFA and in 6/27 with FPBG. Milder SN was seen in 
10 more patients with EDFA, and 3 other developed SN 
many months after surgery. The milder forms of SN and late 
SN were not encountered after FPBG. SN usually improved 
with the passage of time, and at last follow-up averaging 18 
months for EDFA and 33 months for FPBG there remained 
only 23 patients with mild SN (15 after EDFA and 8 after 
FPBG). The etiology of SN appears to be trauma to the 
nerve sustained during operation. Age, sex, diabetes, or the 
addition of lumbar sympathectomy to the vascular operation 
did not affect the risk of sustaining early postoperative SN. 
Increased awareness of this complication may help to under- 
stand its pathophysiology better, and possibly to decrease 
its incidence. 


N A RECENT EVALUATION of 46 limbs undergoing 
I revascularization by extended deep femoral angio- 
plasty (EDFA) with or without the addition of an 
inflow procedure, we noticed a high incidence of 
saphenous neuralgia (SN).!* This was in fact the most 
common complication of EDFA, and we were there- 
fore surprised that it was not mentioned in the reports 
on EDFA, that have been appearing in the literature 
in increasing numbers in recent years. ^?:55:10.11.13.17.18 
The saphenous nerve, and transient numbness in the 
thigh are given only cursory mention in a single report 
by David and Drezner.? SN has not been reported after 
other vascular operations below the inguinal liga- 
ment.* Nor is it mentioned in an exhaustive standard 
neurological text on peripheral neuropathies and neu- 
ralgias.*"? Almost all reports confine the description 
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of their results to the effect of EDFA on ischemia, 
while we noted that SN may sometimes be so severe 
as to mar the results of a hemodynamically success- 
ful operation. SN was obviously more of a problem 
for the patients than revascularization edema which is 
frequently reported. 

The clinical picture of SN was described by Mozes 
et al.'* in a series of 32 patients with saphenous nerve 
entrapment not due to surgical intervention. After our 
initial observation of the high incidence of SN in EDFA 
we set out to determine frequency and severity of this 
complication, its clinical variations and natural course 
in patients undergoing vascular reconstructions below 
the inguinal ligament. 


Materials and Methods 


The patients described in this report were studied 
for a comparison between EDFA as a single pro- 
cedure and femoropopliteal bypass graft (FPBG) in 
severe ischemia of the lower extremities.? The study 
included 33 limbs with EDFA and 34 with FPBG. As 
part of that study a special protocol was prepared 
for SN. Information on this complication was com- 
piled from the patients' in hospital files, from out- 
patient follow-up notes and from a final evaluation per- 
formed in August 1978. This final evaluation was com- 
prised of a detailed history regarding neuralgic and 
other symptoms in the operated extremity, and a 
phvsical examination with an emphasis on the neuro- 
logical state, especially sensory changes. 

Patients who had died early after the operation or 
later during the follow-up period, or who failed to 
present for the final evaluation, were excluded. Forty- 
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TABLE |. Clinical Data of the 55 Patients 





EDFA FPBG 
(n = 28) (n = 27) 
Age: 
range 37-75 36-73 
average 60 vrs 56.5 yrs 
Male:Female ratio 16:12 22:9 
Length of follow-up: 
range 8—24 months iz- 1l yrs 
average 18 months 33 months 
Diabetes mellitus 8 4 
Lumbar sympathectomy 18 15 
before 8 6 


concomitant 10 9 


six patients remained in the study in whom 55 opera- 
tions had been performed: EDFA in 28 limbs and 
FPBG in 27. 


Clinical Picture of SN 


The clinical picture included subjective and objective 
findings. The most common symptom was pain de- 
scribed variably as burning pain, vice-like pressure, 
stabbing, a feeling of an electric current or pins and 
needles along the medial aspect of the thigh, knee and 
lower leg. A minority of patients reported nonspecific 
pain. Hyperasthesia and dysasthesia were also re- 
ported, in one case this was so severe that even the 
touch of clothing gave severe discomfort. The most 
common sensory symptom was numbness felt usually 
at and around the medial aspect of the knee. 

Physical examination usually revealed a tender area 
on the medial aspect of the thigh and pressure elicited 
or exacerbated the pain. One or more trigger points 
were present in some patients at the lower end of the 
scar or below it sometimes as low as the upper calf. 
Almost in all patients there was some degree of hyper- 
asthesia, hypoasthesia or anasthesia along the medial 
aspect of the lower thigh, the knee and the lower leg. 
Injection of 5 ml of any local anasthetic invariably 
relieved the symptoms for several hours, sometimes 
longer. 

The onset of these symptoms was close to the time 
of surgery in most patients, and became a problem 
as soon as incisional pain subsided or within two 


TABLE 2. The Incidence of Saphenous Neuralgia 





EDFA (n = 28) FPBG (n = 27) 
SN-early onset 18 9 
late onset 3 0 
all cases Zi 9 
No SN 7 i8 
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weeks at most. In a few patients the symptoms ap- 
peared for the first time many months after the opera- 
tion but these were a distinct minority. With time 
almost all patients experienced some relief. In some, 
symptoms and signs cleared completely, usually within 
six weeks to six months, while in others symptoms 
subsided to a tolerable level, and most patients got 
used to them. Late symptoms were usually inter- 
mittent, but in some patients they were permanent. 
Almost all patients noted that walking increased symp- 
toms or brought them on, and rest improved them. 
This fact sometimes caused considerable anxiety be- 
cause patients interpreted this as failure of the 
operation. 

Some patients, especially after EDFA, but also after 
FPBG had residual ischemic pain in the form of classical 
intermittent claudication, but this was easily dis- 
tinguished clinically from SN. A few diabetic patients 
had pain probably due to neuropathy. Again this could 
be easily defined on examination, especially by the 
typical distribution of SN along the medial aspect of 
the limb, as compared to diabetic neuropathy that was 
usually most severe in the soles of the feet and had a 
stocking distribution. In patients who underwent 
amputation after failure of the vascular reconstruction 
SN, when present, could easily be distinguished from 
stump pain and from phantom pain, the clue being 
in the typical distribution of the pain. Post sym- 
pathectomy neuralgia was also easy to define as a 
separate entity because of the typical distribution of 
the pain." 

For the purpose of this report SN was graded as 
follows: 


0: No symptoms and no signs. 

1: No symptoms but an area of hyperaesthesia, 
hypoaesthesia or anasthesia on examination. 

2: Subjective symptoms at a level that did not 
require medication, and did not affect the quality 
of life. 

3: More severe symptoms requiring analgesic treat- 
ment and/or modification of activity. 

4: Severe pain, not responsive to analgesic treat- 
ment and requiring repeated injections of local 
anasthetic or the application of other pain-clinic 
techniques. 


Pertinent clinical details regarding the 55 patients 
included in the study are given in Table 1. The follow- 
up period for EDFA is shorter than for FPBG because 
EDFA has been performed relatively more frequently 
in recent years. There is a slight relative prepon- 
derance of females and of patients with diabetes in 
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TABLE 3, Severity of Early SN 


Severity grading EDFA (n = 28) FPBG (n = 27) 
0 10 18 
l 2 0 
2 8 3 


the EDFA group but the differences are not significant. 
Lumbar sympathectomy was performed either before 
the vascular operation (14 cases) or at the same time 
(19 cases) in a total of 18 patients with EDFA and 
15 with FPBG. 


Results 


The incidence of SN after both types of operation 
is given in Table 2. After EDFA the incidence of early 
SN was 64% compared with 33% after FPBG (p 
« 0.05). Grading of the severity of the early post- 
operative neuralgia is described in Table 3. It is in- 
teresting that the more severe forms (grade 3 and 4) 
appeared almost with equal frequency in EDFA 
(8/28) and in FPBG (6/27), while the milder forms 
(grades 1 and 2) were almost exclusive and quite fre- 
quent (10/28) in EDFA. 

Comparison of various clinical data in patients with 
and without early postoperative SN is given in Table 4. 
For this table the EDFA and FPBG groups were pooled 
together. There are no statistically significant differ- 
ences in any of the parameters enumerated in 
this table. 

There were five amputations in patients with SN. 
Four of them reported phantom pain but the SN ran a 
separate course. The two types of pain could be easily 
distinguished from each other, and at the last follow-up 
examination one patient still had both types of pain, one 
had phantom pain only and two had SN only. For com- 
parison in the group with no SN there were six amputa- 
tions, four patients reporting early phantom pain, one 
persisting to the time ofthe last follow-up examination. 


TABLE 4. Comparison of Clinical Data in Patients with (27) and 
without (28) Early SN After EDFA and FPBG 





SN No SN 
EOE i E NELA O a Se 

M:F ratio 18:9 20:8 
Average age 59 yrs 57 yrs 
Diabetes 5 7 
Lumbar sympathectomy 14 19 
Amputations/Phantom pain 5/4 /4 
Residual ischemic pain 

(excluding amputations) 12/22 6/22 
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TABLE 5. Frequency and Incidence of SN at Follow-up 





Severity grading EDFA (n = 28) FPBG (n = 27) 


— 


C OD NO 
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Excluding the patients with amputation there were 
22 patients with early SN. Residual ischemic pain was 
present to some degree in 12 of these, as compared with 
6 of 22 patients without SN. Although residual ischemic 
pain was twice as frequent in patients with SN, the 
difference 1s not significant (0.1 > p > 0.05). 

One patient had an EDFA after failure of FPBG. She 
had early grade 3 SN after FPBG which improved to 
grade | by the time she underwent the EDFA which 
caused no further deterioration in the symptoms of 
SN. Another patient had grade 4 SN after EDFA that 
improved to grade 2. He then underwent FPBG after 
which all symptoms of SN cleared completely. A third 
patient did not have SN after FPBG but did develop 
it after reoperation (FPBG again) one year later. 

At the last follow-up evaluation there was a decrease 
in both severity and incidence of SN (Table 5). There 
were no cases with severe SN (grades 3 and 4), and the 
difference in incidence between the minor forms of SN 
(grades | and 2) in the two groups was not statistically 
significant (p > 0.05). In the EDFA group there were 
three patients who developed SN one to two years after 
the operation but this was mild: One patient with 
grade 2 and two with grade 1. Excluding these all pa- 
tients experienced a decrease in severity of the symp- 
toms with time (Table 6). The improvement was most 
marked in those patients who originally had the more 
severe neuralgia (grades 3 and 4). Even the patients 


TABLE 6, Improvement of SN with Time in 27 Patients Who Had 
Early SN After EDFA and FPBG 


Final examination 


Initial grade grade 
Grade Number Grade Number 
4 5 2 4 
0 i 
3 9 2 4 
] 2 
0 3 
2 il 2 5 
l 4 
0 2 
Í 2 i 
0 1 
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with early grade 2 or | who remained in the same 
grade at the final evaluation were subjectively 
improved. 

The improvement was usually first noted three to six 
weeks after the operation, and as far as the patients 
could remember there was no further change after 6 
months. When specifically questioned no patient re- 
gretted having had the operation because of the SN. 
This is not surprising as in both groups operation was 
performed for severe, usually limb threatening 
ischemia. 


Discussion 


It is apparent from our patients that SN is quite a 
common complication of vascular reconstructions below 
the inguinal ligament. It is unlikely to be a result of a 
specific technical flaw, as we have also seen it in pa- 
tients operated upon elsewhere, and the techniques for 
EDFA and FPBG are quite standardized. We have 
also encountered SN in patients after aortofemoral 
reconstruction and after femoral embolectomies and 
thrombectomies, though we have no quantitative data 
regarding its frequency and severity in these operations. 

Most series of EDFA and FPBG describe systemic 
and wound complications and deep vein thrombosis. 
Specific to the revascularisation only edema has been 
reported in detail. Our experience with this latter com- 
plication is similar to that of others, it being more 
common after FPBG than after EDFA. However SN, 
from the patients' point of view is much more trouble- 
some and we can find no explanation for it remaining 
unreported. As many patients experience increase of 
pain on walking they become apprehensive about the 
possibility of failure of the operation. Indeed in the 
more severe cases of SN, in the early postoperative 
period, the pain of SN is described by some as worse 
than the ischemic pain that led to the operation. Re- 
assurance and an adequate explanation together with 
the passage of time allay these fears. Still severe SN 
was the cause of prolonged hospitalisation in a few 
patients, a "distinction" never achieved by the more 
widely reported revascularisation edema. 

Except for those few cases in which SN appears late 
the cause of the neuralgia is almost certainly traumatic 
due to contusion inflicted on the main saphenous 
nerve or its sensory branches during surgery. The 
saphenous nerve in the upper thigh courses alongside 
the superficial femoral artery, while several minor 
sensory branches cross the profunda femoris artery. 
The anatomy of the region is described by Hershey 
and Auer? and offers a possible explanation for two 
factors: 1) That the more severe forms of SN occur 
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with almost equal frequency in EDFA and FPBG, and 
2) That less severe forms of SN are common and 
almost exclusive to EDFA. We assume that the main 
saphenous nerve, that is closely adherent to the super- 
ficial femoral artery, when contused gives rise to more 
severe SN, while the minor sensory branches that 
are very difficult to avoid during the extended ex- 
posure down along the profunda, give rise when re- 
tracted or divided to the less severe forms of SN. 

The traumatic etiology of SN is born out by the time 
course of the disease, improvement usually being 
achieved within three to six months— similar to other 
posttraumatic neuralgia.? In the few patients with late 
onset SN, the etiology is probably scarring around the 
nerve or its branches. 

Unlike the saphenous nerve entrapment syndrome 
described by Mozes et al? in which a trigger point was 
invariably present at the point of entrapment, only in 
about one in five of our patients could such a trigger 
point be elicited. What is more, when present the 
trigger points were usually below the lower end of the 
upper thigh incision. Both these observations suggest 
that this particular form of SN is secondary to intra- 
operative injury and is not a type of entrapment. 

We could not determine any special anatomical setup 
during the operation that would predict early post- 
operative SN. Neither were we able to detect any 
clinical factors clearly related to a risk of SN (Table 4). 
Neither diabetes nor lumbar sympathectomy appear to 
have any role in causation of or protection from SN. 
The higher incidence of residual ischemic pain in pa- 
tients with SN (0.1 > p > 0.05) may or may not have a 
pathophysiological implication. Our bias is that they 
are not related. 

We continue to view SN as a possible complica- 
tion that both surgeon and patient should be aware 
of. Ways to diminish its incidence may be suggested 
if it is more frequently reported and more thoroughly 
studied. 
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Vascular Access Grafts for Chemotherapy 


Use in Forty Patients at M. D. Anderson Hospital 


JOHN H. RAAF, M.D., D.PHIL. 


Forty-two arteriovenous grafts were placed to provide vascular 
access in 40 patients with poor or sclerosed superficial veins. 
Thirty-nine patients had malignant disease and required 
chemotherapy, while one patient with aplastic anemia needed 
frequent transfusions. Thirty-two grafts were placed in the 
arm (27 straight and 5 loop), and ten in the leg (femoral- 
femoral loop). Thirty-seven shunts consisted of 6 mm poly- 
tetrafluoroethylene (PTFE), and five were 6 mm Dacron”, 
The straight brachial artery to axillary vein PTFE graft was 
preferred, while the PTFE femoral loop graft was a satis- 
factory alternative. The loop arm graft was associated with a 
high complication rate and is no longer used. Local anesthesia 
was employed in all cases except for a 3-year-old child. There 
was no operative mortality and no severe morbidity, despite 
subsequent myelosuppression by chemotherapeutic agents 
injected via these grafts. Thirty patients are alive, while ten 
died of their malignancy. Twenty-six grafts are functional and 
have been in place an average 4.4 months (range: 1 to 14 mo.). 
Acceptance by patients and particularly by personnel in the 
out-patient chemotherapy unit has been enthusiastic. Vascular 
access grafts can be inserted safely and provide a convenient 
route for drawing blood samples, and for administering chemo- 
therapy and intermittent intravenous therapy in selected pa- 
tients with neoplastic disease. 


ASCULAR ACCESS in patients receiving chemo- 

therapy is a serious and challenging problem. 
Chemotherapy protocols now involve the intense and 
frequent administration of combinations of drugs, often 
together with surgery or radiotherapy as part of a 
multidisciplinary approach. Most chemotherapeutic 
agents must be administered intravenously, and many 
are severely irritating and sclerosing when in contact 
with veins used for infusion. Patients receiving 
antitumor drugs over months or years are subjected to 
multiple venipunctures, with gradual thrombosis, 
sclerosis, and destruction of all available surface 
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vessels. The search for a suitable vein can then become 
a painful ordeal for the patient and a frustrating 
experience for the nurse or physician. 

More seriously, the lack of adequate peripheral veins 
may lead to infiltration of drugs into extremity soft 
tissue with subsequent necrosis and ulceration, particu- 
larly in the case of Adriamycin.* Finally, this problem 
may even prevent the administration of drugs which are 
maintaining the patient in remission, resulting in 
relapse. 

The problem of vascular access for hemodialysis in 
the patient with renal failure has been overcome by 
creation of an arteriovenous fistula, or insertion of an 
arteriovenous graft. Vascular access grafts now in use 
consist of double velour Dacron?*, polytetrafluoro- 
ethylene (PTFE) expanded Teflon??!, saphenous 
vein,*!? or bovine carotid artery.?!? They most often 
are placed in the forearm between the radial artery and 
an antecubital vein, usually the median basilic or 
cephalic. 

We believe cancer patients with poor superficial 
veins who need chemotherapy can also benefit from a 
vascular access graft. It should be placed in as central 
a location as possible to achieve high flow and there- 
fore rapid dilution of the drugs infused. Brisk flow also 
decreases the risk of graft thrombosis, which is high 
in patients with neoplasms who may be hypercoagu- 
lable secondary to chronic disseminated intravascular 
coagulation.'? 

The above rationale has led other investigators to 
insert bovine carotid heterografts from the axillary 
artery across the sternum to the contralateral axillary 
vein.? However, such a procedure is best accomplished 
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Fie. 1. Brachial artery to axillary vein straight graft in the left arm. 


under general anesthesia, and our preference in this 

group of patients with variable debilitation has been 
_ to use only local anesthetics. We now place grafts in 

one of two positions: 1) a straight brachial artery to 

axillary vein graft in the upper arm (Fi ig. D, or 2) a loop 
femoral artery to femoral vein graft in the thigh (Fig. 2). 
Initially we also placed loop grafts from the axillary 
-artery to axillary vein (Fig. 3), but we now use only 
-straight grafts in the arm. 










Materials and Methods 


All patients were admitted to the hospital, though 
ome. authors indicate they place grafts for hemo- 
à ysis in outpatients.!? Our procedures were per- 
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Fic. 2. Femoral artery to femoral vein loop graft in the right leg. 


formed in the operating room using local anesthesia, 
with an anesthetist in attendance to monitor vital signs 
and to administer diazepam or fentanyl intravenously 
for sedation. The single exception was a 3-year-old 
child who had a general anesthetic. A prophylactic 
antibiotic (Ancef) was given perioperatively. 

A modification of the technique of Burdick, Scott and 
Cosimi® was developed for placement of straight 
brachial artery to axillary vein grafts, and this became 
our preferred method (Fig. 1). Initially, we used 6 mm 
Dacron,* but we now employ 6 mm polytetrafluoro- 
ethylene (PTFE). 





* Straight tube Double Velour Graft (Meadox Medicals, Inc., 
P.O. Box 530, Oakland, N.J. 07436). 
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Fic. 3. Loop graft from the 
axillary artery to axillary 
vein in the left arm. 


An IV was started, often as a central line in the con- 
tralateral subclavian or internal jugular vein, and the 
arm in which the graft was to be inserted was positioned 
on an arm board. This was generally the patient's non- 
dominant arm, though in breast cancer patients it was 
the side opposite the mastectomy. The presence of 
palpable nodes in an axilla was considered a contra- 
indication to placement of the graft in that arm due to 
the increased risk of venous occlusion and arm edema. 
Also, a history of a long-term central line having been 
placed on one side suggested that the other arm be used, 
to avoid possible graft occlusion if the subclavian vein 
on that side was sclerosed or thrombosed. 

The upper arm was prepped and draped with the arm 
free. A transverse incision was made under local 
anesthesia just below the axillary hair line, and the 
neurovascular structures beneath the fascia exposed. 
The largest vein was dissected free from the adjacent 
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artery and nerves. The size of this vein is the most 
critical anatomic factor in the success of the graft, 
and since there are usually at least two veins in this 
position which join to form a single axillary vein, a 
determined effort must be made to find the largest. It 
is frequently on the medial edge of the neurovascular 
bundle. The selected vein was calibrated and required 
to accept a 3 mm vascular dilator. If it did not, or if a 
small catheter failed to pass easily into the subclavian 
vein, then the graft was placed in the other arm, or a 
femoral femoral loop graft was used. 

Once the vein had been freed over a length of about 
2 cm and branches divided and tied with 5-0 silk, a 
second transverse incision was made across the medial 
border of the biceps muscle just above the antecubital 
crease. Once again, the dissection was carried deep to 
the fascia, and the brachial artery freed over a length of 
about 2 cm. Small branches were ligated and divided, 
but a large one was usually not sacrificed. This branch 
could be temporarily occluded during the creation of 
the anastomosis by isolation of the entire anastomosis 
site with a small Satinsky clamp. 

A subcutaneous tunnel was then created between the 
two incisions using a 7% inch clamp,t with the tunnel 
arching up over the biceps in as superficial a sub- 
cutaneous position as possible. This was particularly 
important in obese patients since the graft tended to 
sink into the adipose tissue. Also, a graft which lay 
beneath the medial edge of the biceps was more difficult 
to locate later for cannulation. A patient with a long 
arm sometimes required a 1 cm parallel counter- 
incision near the middle part of the tunnel, but a third 
incision was usually not needed. This incision was 
placed lateral to the tunnel so that exposure of the 
graft due to poor healing would not occur. 

Straight arm grafts were 20—25 cm in length, so two 
or three grafts could be obtained from the 50—70 cm 
segment supplied by the PTFE manufacturers (Impra, 
Inc., 4209 South 36th Place, Phoenix, Arizona 85040; 
and W. L. Gore and Associates, Inc., 1505 North 
Fourth Street, Box 1807, Flagstaff, Arizona 86002). 
Segments to be used were either gas sterilized or flash 
autoclaved. 

The patient was systemically heparinized with 5,000 
U.S.P. units, and a segment of the vein was isolated 
with a small Satinsky clamp. The venous anastomosis 
was performed end-of-graft to side-of-vein using 
running 6-0 Prolene, with anchoring mattress stitches 
at the heel and toe of the obliquely cut graft. Magnifi- 
cation with 2.5 power operating loops allowed more 
accurate placement of these sutures. With the anasto- 
mosis complete, the graft was flushed with heparinized 
saline (10 units/cc) and drawn down through the tunnel, 





t 432-2075 Varco thoracic forceps, shallow curve. J. Sklar 
Mfg. Co., Inc., Long Island City, N.Y. 11101. 
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Fic. 4. View of the me- 
dial aspect of the left upper 
arm, one month after in- 
sertion of a straight PTFE 
graft. This is a cosmetically 
acceptable result which 
leaves the patient's activity 
unrestricted. The inner arm 
is a relatively protected 
site for the graft. 





care being taken to avoid a kink or twist. Finally, an end- 
to-side graft to brachial artery anastomosis was per- 
formed; the heel mattress suture was placed flrst and 
run down to the toe on each side, since exposure here 
was better by this open method. The wounds were ir- 
rigated with a neomycin solution and closed with inter- 
rupted 3-0 Dexon to the subcutaneous tissue and run- 
ning subcuticular 4-0 Dexon to the skin. Benzoin and 
Steri-strips? were applied and the incisions covered 
by a very loose noncircumferential gauze and paper 
tape dressing. The procedure usually took 1% to 2 
hours. Heparin, 1000 units/hr, was given intravenously 
to a few patients during the first 24 hours postopera- 
tively to maintain graft patency, but we abandoned 
this procedure since it appeared unnecessary and in- 
creased the chance of wound hemorrhage. 

Initially, we felt that a loop axillary artery to axillary 
vein graft (Fig. 3) would be desirable, to achieve a high 
flow. However, the straight grafts (Fig. 1) proved to be 
more satisfactory since they required much less 
material to be placed in the upper arm, which decreased 
tissue reaction and time required for healing before the 
graft could be used. 

In patients in whom neither arm was a suitable site 
for graft placement, a femoral artery to femoral vein 
loop graft approximately 40 cm in length (Fig. 2) was 
employed. A transverse incision was made 1 cm below 
. and parallel to the groin crease. End-to-side anastomo- 
ses joined the graft to the common femoral vein and 
- artery. The saphenous vein was usually ligated to avoid 
formation of varicosities. 

- Postoperatively, a sign was placed above the pa- 
. tient’s bed stating that no blood pressure measure- 
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ments were to be taken using the limb containing the 
graft, and the patient was instructed never to permit 
a tourniquet to be placed over the graft. Free activity 
was permitted, though when the patient was in bed 
the engrafted arm was elevated on a soft pillow, with- 
out compression of the graft site. Discharge was on the 
first or second postoperative day for patients receiving 
arm grafts, or several days later for patients receiving 
thigh grafts. The latter patients were kept in bed the 
first two days postoperatively. Edema and ecchymosis 
associated with graft placement resolved by two to 
three weeks (Fig. 4), and at that time we started routine 
use for vascular access. Administration of chemo- 
therapy was permitted one week postoperatively in 
urgent cases, if healing of the graft site appeared 
satisfactory. 

The access grafts have proved very useful for 
drawing blood samples and for administering inter- 
mittent (less than eight hours) intravenous fluids or 
chemotherapy. If the patients are hospitalized, we have 
encouraged use of the grafts for drawing blood, but not 
for continuous, long-term intravenous therapy. Since 
long-term iv therapy through the graft increases the 
risk of sepsis and injury to the graft, we encouraged 
the use of centrally-placed subclavian or internal 
jugular lines in these in-patients. In several patients, 
however, the grafts were used as iv sites for as long 
as seven days without complication. 

To initiate the vascular access graft program, 
meetings were held with the intravenous nurses who 
administer chemotherapy to these patients. It was 
recommended that scalp vein needles no larger than 
a #20 (usually a #23) be used for cannulation, and 
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TaBLe |. Diagnoses of Patients Receiving Vascular Access Grafts 


Type of Cancer 
Breast carcinoma Í 
Hodgkin's lymphoma 
Lung carcinoma 
Poorly differentiated lymphoma 
Bladder carcinoma 
Soft tissue sarcoma 
Histiocytic lymphoma 
Prostate carcinoma 
Osteosarcoma 
Colon carcinoma 
Carcinoid 
Leukemia 
Melanoma 
Aplastic anemia 
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it was emphasized that firm pressure is needed to slip- 


the needle through the wall of the PTFE graft. The in- 
travenous bottle used for administration of chemo- 
therapy is placed high on an IV pole, since gravity 
flow alone would then allow infusion into the graft. 
An infusion pump has been used in only rare instances. 
Nurses were instructed to puncture the graft at different 
places along its course rather than in a single 
site, to avoid weakening the graft at that point. 
Bleeding should be stopped with mild pressure on the 
puncture site for three to four minutes after withdrawal 
of the needle, but not firm pressure, so the graft will not 
thrombose. 

Nurses were particularly instructed to confirm graft 
patency before attempting cannulation, We have found 
that by far the easiest and most reliable method of 
determining graft patency is to listen for a bruit in the 
graft. In our experience, absence of a bruit has always 
meant the graft was thrombosed. Absence of a palpable 
thrill or pulse in the graft is less reliable, since these 
signs may be masked by subcutaneous tissue or edema. 
Use of Doppler techniques can be misleading, since 
flow through an underlying artery can be misinterpreted 
as flow through the graft. These guidelines, as well as a 
description of the graft, were written up as an instruc- 
tion booklet and given to the patient for his local 
physician. Follow-up visits were scheduled initially 
every week, then every one or two months. 


TABLE 2. Types of Grafts Inserted (42 Grafts in 40 Patients) 








Number 

Position 

Arm, straight 27 

Leg, loop 10 

Arm, loop 5 
Material 

6 mm PTFE (IMPRA-graft) 28 

6 mm PTFE (GORE-TEX) 9 

6 mm Dacron 5 
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Results 


Between August, 1977, and March, 1979, 42 vascular 
access grafts were placed in 40 patients with various 
types of neoplasms (Table 1). All patients were re- 
ceiving chemotherapy for malignancies, except one 
patient with idiopathic aplastic anemia who required 


frequent transfusions. Thirty-three patients were fe- 


male and seven were male, the predominance of fe- 
males being in part due to referral of patients with 
metastatic breast carcinoma. The age range was 3—70 
years. Twenty-seven straight arm, five loop arm, and 
ten loop leg grafts were performed (Table 2). Dacron 
was used for 5 of the grafts, whereas PTFE was used in 
37 (Impra-graft® in 28, Gore-tex® graft in 9). No dif- 
ference in results was noted between the Impra and 
Gore products. The more frequent use of the Impra- 
graft was based on its lower cost. 

There was no operative mortality and no severe mor- 
bidity. Thirty patients are alive (Table 3), twenty-six 
of whom have functional grafts which have been in 
place 1-14 months (mean: 4.4 months). Ten patients 
died of their malignancy, eight of whom had functional 
grafts at death which had been in place 1 to 12 months 
(mean: 3.3 months). 

There were 18 complications in 15 patients (Table 4). 
Seven patients experienced thrombosis of their grafts 
within 24 hours after placement, but four of these had 
successful thrombectomy and revision. After re- 
operation, 500—1000 units/hour heparin was given IV 
continuously for 24~36 hours, then discontinued. 
These grafts have remained patent and are now one to 
six months following thrombectomy. 

In the three other patients early thrombosis was fol- 
lowed by revision, but rethrombosis occurred. In one 
patient, a 52-year-old woman (D.W.) with metastatic 
breast carcinoma, a straight Dacron graft placed in her 
left arm thrombosed within 24 hours after insertion. 
Revision and thrombectomy were followed by re- 
thrombosis three days later. A loop graft with high 
flow (1.36 l/min. measured by electromagnetic flow- 
meter) was subsequently placed in her right thigh but 
thrombosed after one month. By this point she had 
extensive metastatic breast carcinoma in the lungs, 
liver, and vertebrae. Dry gangrene of both feet devel- 
oped, together with hematogical studies consistent with 
disseminated intravascular coagulation. A bilateral 
femoral arteriogram showed patent femoral and pop- 
liteal arteries, but distal branches below the midcalves 
could not be visualized. Autopsy one month later con- 
firmed thrombosis of many visceral and peripheral 
vessels. 

A 26-year-old woman (M.C.) with Hodgkin's 
lymphoma rethrombosed her left arm graft after re- 
vision, because the single vein available in this arm 
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for the graft-to-vein anastomosis was too small. The 
. graft was removed and a right leg loop graft was placed 
-and is now functioning ten months later. At present, if 
we find no veins in the upper arm which will accept 
a3 mm vascular dilator, we close the incision and 
«use the other arm or a leg. 
^. . The third patient, a 58-year-old diabetic male (D.R.) 
-. in remission from leukemia, thrombosed his straight 
-. PTFE right arm graft twice. He had previously had a 
long silastic central line in his right arm for several 
weeks, and it was subsequently discovered that his 
right subclavian vein was thrombosed. Therefore, we 
now determine whether a previous long-term central 
line has been used, and confirm patency of the sub- 
clavian vein by passing a small catheter into it at the 
time of surgery. 
<- A Sl-year-old woman (O.B.) with metastatic colon 
. carcinoma experienced tingling and pain in all fingers 
of her right hand immediately following insertion of a 
right upper arm graft. Her right hand was cooler than 
the left, though motor strength and color were equal. 
— The right radial pulse, which was weak but palpable, 
~ could be strengthened by compression of her vascular 
graft. Her symptoms improved only slightly over the 
next four weeks. She was returned to the operating 
room with a diagnosis of a steal syndrome. A small 
incision was made parallel to the graft under local 
anesthesia, and a 1-0 silk tie used to band the graft, 
narrowing it to approximately half its initial diameter. 
This produced a strong radial pulse, with continued 
flow through the graft, and disappearance of her symp- 
toms took place over the next few weeks. Four months 
later she presented to the hospital with cachexia and 
< — - - dehydration, and her graft was found to be thrombosed. 
Her chemotherapy had been discontinued due to pro- 
-. gressive enlargement of her pulmonary metastases, 
so thrombectomy was not performed. 
_ Separation of the skin in a groin incision in two pa- 
tients healed secondarily without harm to the grafts. 
Erythema over the graft occurred in three patients, but 
this resolved in all cases with saline soaks, elevation 
of the limb, and iv antibiotics. 

Two grafts were removed for infection. One patient 
was a 47-year-old woman (F.V.) who had a large open 
ulceration on the right chest wall due to breast car- 

cinoma. This became infected and the Dacron loop 
graft placed three months previously in the left arm 
.. also became infected. The graft was removed and the 

<- graft site healed. A second patient, a 27-year-old man 
(D.L.) with Hodgkin's lymphoma, had a functioning 
right arm PTFE loop graft, but he became febrile and 
severely lymphopenic after receiving chemotherapy at 
another hospital, and was considered to have possible 
sepsis secondary to his graft. Therefore, it was re- 
ioved at that hospital. 
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TABLE 3. Outcome of Vascular Access Grafts 
No. grafts 


Patients alive (30) 
grafts now in place and functional 


for: 
12-15 months l 
6-12 months 7 | Average time: 
3-6 months 8 4.4 months 
1-3 months 10 
early thrombosis, unsuccessful 
revision 2 
late thrombosis (both at 4 mos.) 2 
graft removed elsewhere for 
suspected infection (4 mos.) 1 
Total 31 
Patients deceased (10) | 
grafts in place and functional at 8 Average time: — 
death 3.3 months 
early thrombosis, unsuccessful 
revision | 
late thrombosis (1 mo.) ] 
graft removed for late infection 
(3 mos.) | 
Total il 


Only one patient developed a large ecchymosis over 
her graft after a blood sample was drawn from it, but 
this did not prevent further use of the graft. 

Other described complications of vascular access 
shunts were not seen in this series. Graft aneurysm 
or laceration, hematoma, or extravasation of drugs 
have not occurred. Nor was cardiac failure observed in 
our series, though many of the patients had received 
the cardiotoxic drug Adriamycin. Unfortunately, the 
use of PTFE does not permit the direct measurement of 
fiow through the grafts by electromagnetic flow probes. 


Discussion 


In the past, to overcome the problem of difficult 
vascular access in patients requiring chemotherapy, - 


TABLE 4. Complications After Graft Insertion 


Arm- Arm- Leg- . 
Straight Loop Loop 
Graft function maintained 
early thrombosis, successful 
revision 2 | 
skin separation, healed secondarily 2 
erythema over graft, cleared with 
antibiotics 
steal syndrome, corrected by 
banding I 


t3 


Graft function lost 
early thrombosis, unsuccessful 
revision 
late thrombosis 
late infection, graft removed I 
suspected late infection, graft 
removed elsewhere I 


t3 Pa 
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infusion therapy personnel have become skilled in 
cannulating tiny peripheral vessels. Small bore stain- 
less steel "scalp vein" needles are most often used, 
because of the ease with which they are inserted and 
the low incidence of associated infection and inflam- 
mation, as emphasized by Center for Disease Control 
guidelines." While scalp vein needles are satisfactory 
for an infusion over a few hours, their tendency to in- 
filtrate seriously limits their usefulness for adminis- 
tration of, for example, a five day course of chemo- 
therapy. 

Although short plastic catheters are more secure and 
less likely to infiltrate, they are associated with a high 
incidence of phlebitis. Therefore, hospitalized patients 
receiving a course of chemotherapy lasting several 
days often have polyethylene central catheters placed 
via an antecubital, subclavian, or internal jugular vein. 
Thus the problems of infiltration and drug extravasation 
are avoided, but they are replaced by the complications 
of indwelling polyethylene central lines and of repeated 
insertion of these lines (pneumothorax, brachial 
plexus or thoracic duct injury, laceration of a major 
artery, subclavian vein thrombosis, phlebitis, catheter 
sepsis or leak, and air embolism." 

A more recent approach at M.D. Anderson Hospital 
has been the use in both in-patients and out-patients 
of long-term silicone elastomer central venous lines.?.!? 
Intrasil* (16 Ga., 20" long) or Centrasil* (16 Ga., 81^" 
long) catheters introduced through the antecubital or 
subclavian veins, respectively, now provide access for 
blood sampling and chemotherapy infusion. Average 
indwelling time is 30 days, though some of these lines 
have been used as long as ten months. Over 60 silastic 
catheters are inserted at our institution per month. 
Although the patients are frequently immunosup- 
pressed, strict aseptic care with dressing changes three 
times per week by the patients, their families, or nurses 
from the Infusion Therapy Team results in a very low 
rate of infection. 

A persistent problem has been the frequent occlusion 
of these lines by clotted blood. A new method for 
clearing the catheters by instilling 0.4—0.6 ml of a 
dilute solution of urokinaset (5,000 I.U./cc) or strepto- 
kinaset (50,000 I. U./cc) decreased the loss of lines due 
to clotting from 25% to less than 1%, though declotting 
by a fibrinolytic agent may be required up to three times 
per month for each patient. Careful flushing after 
blood has been drawn through the line, and daily in- 
stillation of one ml. normal saline containing 100 U.S.P. 
units of heparin, prevent even more frequent occlusion. 


* VICRA, Division of Travenol Laboratories, Inc., Dallas, Texas 
75220. | 

t Abbokinase (Abbott Laboratories, North Chicago, Ill. 60064). 

+ Streptase (Hoechst-Roussel Pharmaceuticals, Inc., Behring- 
werke AG). 
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These light-weight, flexible catheters are removed only 
infrequently because of phlebitis, fever without a 
known source ("catheter related sepsis"), central vein 
thrombosis, or catheter leak. 

Many cancer patients are not ideal candidates for 
percutaneous central lines. Some will need chemo- 
therapy for periods longer than a year (often two years), 
while others cannot or prefer not to undertake the 
meticulous care required to maintain a percutaneous 
catheter, or to restrict activities such as swimming. 
Individuals who are obese, who have had a mastec- 
tomy, or who have had previous complications of cen- 
tral line placement such as subclavian vein thrombosis, 
may present serious difficulties in the placement of a 
new silastic line. Therefore, based on experience with 
hemodialysis patients, permanent arteriovenous fis- 
tulae and grafts should be considered as alternative 
solutions to the problem of angioaccess for chemo- 
therapy. 

The uremic patient on hemodialysis who has a vas- 
cular access problem usually receives a Brescia- 
Cimino radial artery-cephalic vein fistula,* which will 
dilate the surface veins of his forearm. Patency of such 
small fistulae is assisted by the hypocoagulability asso-. 
ciated with azotemia, thought to be secondary to plate- 
let dysfunction. Patients with neoplasia, however, may 
develop a chronic form of disseminated intravascular 
coagulation (DIC) manifested by thrombophlebitis, 
hemorrhage, or arterial thrombosis.'* Cancer patients 
with even subclinical DIC would be unlikely to keep 
a small fistula open. In 1974, Steckler, Martin, and 
colleagues?! created a Brescia-Cimino fistula in 22 pa- 
tients with leukemia at M. D. Anderson Hospital. They 
found that those patients who had previously received 
chemotherapy rarely dilated their already sclerosed 
veins, but fistulae created before treatment usually 
were successful. Using this technique, there is con- 
siderable variability in the degree of venous dilation 
and length of time (up to six weeks) needed for dilation 
to occur. Since the majority of cancer patients with 
vascular access problems have already received some 
chemotherapy, it appeared that in most instances a 
vascular access graft would be more satisfactory than 
a fistula. 

Our recent experience with placement of vascular 
access grafts in 40 patients with neoplasia has been 
encouraging. We found that the straight brachial artery 
to axillary vein graft can be safely inserted, heals with 
minimal discomfort in most patients in two to three 
weeks, and rarely causes difficulty once healed. Per- 
sistent edema of the arm has not occurred, even though 
the venous anastomosis is performed end-to-side. The 
loop axillary artery to axillary vein graft, however, was 
associated with a high complication rate (four com- 
plications in three of the five grafts inserted), so is no 
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© longer used. Other investigators, using looped bovine 
. heterografts in the forearm and upper arm, have been 
.. discouraged by their frequent thrombosis.*!2= Haimov 
: -and Jacobson suggest that this configuration is ‘‘hemo- 
dynamically wrong.” € 
<- The femoral artery to femoral vein loop graft is an 
alternative when neither arm is a suitable graft site. 
. The large vessels make it technically easy to perform 
and ensure success as a high-flow, low resistance 
system. Yet it is a second choice compared to the 
straight arm graft since 1) postoperative edema per- 
sists longer in the thigh than the arm, 2) the wound ap- 
pears to heal more slowly and skin separation can 
occur, 3) the patient is usually hospitalized and in- 
capacitated longer, and 4) he must undress each time 
the graft is used. Nonetheless, two of our femoral loop 
¿> shunts have been used longer than a year. Once healed, 
` . these grafts are quite satisfactory. 
aes The thigh is a useful site for vascular access pro- 
.. cedures in infants and children, since their arm vessels 
are so small. Levey and colleagues,'* operating on 74 
patients at Boston Children’s Hospital, found the ac- 
cess operation of choice in children to be a saphenous 
vein loop, with the saphenous vein dissected free in the 
thigh, swung laterally through a subcutaneous tunnel, 
and the distal end anastomosed end-to-side to the 
superficial femoral artery. Our own limited experience 
in the pediatric age group has been with a 3-year-old 
girl (weighing 12 kg), whose fibrosarcoma of the gingiva 
was regressing with intensive chemotherapy. She re- 
ceived a 6 mm PTFE femoral—femoral loop graft which 
<= has functioned well. 
e PTFE was selected for the majority of our grafts 
*.  -because of previous experience with this material in 
performing bypasses for arterial insufficiency. How- 
ever, there does not yet appear to be a clear superi- 
ority of one material over others in constructing access 
grafts. We did notice a tendency of the Dacron graft 
to erode the overlying skin of one debilitated patient, 
as did Burdick who advocated a relatively deep tunnel 
for Dacron shunts.? Many groups use bovine carotid 
heterografts (as summarized by Butt et al.5), though 
authors comparing PTFE and bovine grafts usually 
favor the PTFE material.^!*^?! Problems associated 
with the bovine grafts have been: 1) formation of thin- 
walled aneurysms (usually due to use of 14 gauge 
needles for hemodialysis), 2) ‘‘blow-out’’ with severe 
-.. hemorrhage secondary to infection (a complication not 
seen with PTFE grafts, which are stable and usually 
-need not be removed despite localized infection), 3) 
gradual formation of a pseudointima at the venous 
anastomosis, and 4) difficulty in removal due to 
enacious adherence to surrounding tissue. Time is 
needed to determine the frequency of similar or other 
-difficulties with PTFE, and whether its patency rate 
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is superior to that of bovine heterograft as some have 


claimed.^!*?! : 
Insertion of vascular access grafts requires the 


meticulous techique demanded in all vascular surgery, 


particularly in the arm where vascular structures lie E 
in close association with the median and ulnar nerves. _ 
Ultimate success, as always, depends on persistence ~~ 
and aggressiveness in dealing with complications. Our 
most frequent complication was graft thrombosis, often 
occurring within 24 hours after insertion. Early throm- 
bosis was usually due to outflow resistance secondary — 
to an inadequate sized vein. We now avoid this problem 
by rejecting any vein which will not accept a 3 mm vas- 


cular dilator. Thrombosis in the early postoperative — 


period may also be related to poor inflow, due to an un- 
usually small or diseased brachial artery, or to arterial 
spasm; the radial pulse in the engrafted arm is often | 
weak during the early postoperative period, but will 


strengthen over the next few days. The dorsalis pedis __ 


pulse, however, is always strong immediately after a 
femoral -femoral graft, likely due to the larger femoral 
vessels. 

The few late thromboses we have seen in our cancer 
patients appear to have been related to low blood 
volume secondary to dehydration, or to chronic intra- 
vascular coagulopathy with a low platelet count and 
elevated fibrin split products. 

There have been no cardiac complications in this 
group of patients, many of whom received the cardio- 
toxic drug Adriamycin. In none of our patients has any 
change in heart rate or blood pressure been observed 
when the graft was first opened. Nor was a positive 
Branham sign (decrease in heart rate with temporary 
occlusion of the shunt) observed. Remarkably, long- 
term use of arteriovenous fistulae and shunts for 
hemodialysis seldom produces congestive failure.? 
Friedberg? estimates that circulatory disturbances 
occur when 20-50% of the cardiac output is shunted 
through an arteriovenous fistula. In fact, though quite 
variable, the average increase in cardiac output in 
asymptomatic patients after opening a fistula or graft 
created for vascular access is approximately 10—20%.** 
A flow greater than 1,000 ml/min through a fistula or 
graft may* (but usually does not) result in congestive 
failure. Anderson reviewed this rare complication of 
high output failure and found that the mean fistula flow 
rate in a group of these patients was 1.5 liters/min.! All 
these patients had had previous episodes of congestive 
heart failure, prolonged hypertension, or coronary 
insufficiency. Sabiston!? found that even a large (10 
mm) fistula created between the aorta and vena cava of 
a healthy mongrel dog, which increased the cardiac 
output from 2,540 to 5,640 cc/min, was initially well 
tolerated. In these animals, heart failure usually 
appeared by the end of the first month following 
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operation. In summary, it would appear that an 
arteriovenous fistula or graft less than 8 mm in diameter 
(e.g. a6mm PTFE shunt) in a patient without a history 
of heart disease is very unlikely to produce congestive 
failure. 

We have found few contraindications to insertion 
of a vascular access graft. The operation should be 
timed so as to interfere as little as possible with the 
patient's chemotherapy protocol, and one should ob- 
viously avoid periods of maximum immunosuppres- 
sion. A low hematocrit (<28%) or even a low platelet 
count (<50,000) can be corrected preoperatively by 
an appropriate transfusion. If the peripheral blood 
white cell count is low («2,000), it is best to delay 
the procedure until the bone marrow has recovered. 

Both the silastic central catheter (Intrasil or Centrasil) 
and the PTFE vascular access graft are of value to 
cancer patients. Their roles are complementary. 
Percutaneous central catheters can be inserted and 
used immediately. They are therefore useful in criti- 
cally ill patients, or in those with rapidly progressive 
disease in whom induction phase chemotherapy is ur- 
gently needed. Almost all adult patients presenting to 
our institution with acute leukemia receive this type 
of catheter. Silastic lines are also appropriate in 
hospitalized patients in whom blood products or con- 
tinuous IV therapy is needed, in patients not expected 
to live six months despite treatment, and in any patient 
whose cardiac status would contraindicate an arterio- 
venous shunt. 

The vascular access graft is more appropriate 
when the need is for long-term out-patient chemo- 
therapy. The maintenance phase treatment schedules 
for many neoplasms (breast carcinoma, Hodgkin's and 
non-Hodgkin's lymphoma, leukemia, oat cell car- 
cinoma, sarcoma, etc.) involve the intravenous ad- 
ministration of drugs every three to four weeks for up 
to two years, as well as the need for multiple blood 
samples. If a patient with poor veins responds well to 
his first two or three months of chemotherapy and is 
committed to long-term treatment, then the chemo- 
therapist and surgeon should consider placement of 
a vascular access graft. In this setting, the graft will be 
preferable to the percutaneous catheter from the 
standpoint of comfort, cosmesis, and lack of restriction 
of activity or need for maintenance care. 
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25 cm. —Sigmoidoscopy 


Routine digital examinatio 
explores only 8 cm. of the colon. 
Sigmoidoscopy reveals an additional 
17 cm. But colorectal cancer can occur 
throughout the colon. And it’s often 
asymptomatic. 

That's why the Hemoccult guaiac 
method is so valuable as a preliminary 
diagnostic screen. Hemoccult is a 
reliable detector of blood throughout 
the colon. i 

In addition, it's accurate, inexpensive, V. 
simple to use and easy to read. The test 
can be done in your office in minutes, or 
given to your patient to take home and 
return by mail. 

More than 100,000 cases of colorectal cancer 
will occur in the United States this year. 

The earlier they are diagnosed, the greater 
the chances for successful treatment. Send for 
your free ‘Hemoccult’ starter package, today. 


‘Hemoccult’ is available through local distributors, nationwide. 
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Hemoccult 


The world’s leading full-range test for 
fecal occult blood. 
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DALMANE" (flurazepam HCI) € 

One 30-mg capsule h.s. — usual adult dosage 
(15 mg may suffice in some patients). 

One 15-mg capsule h.s.— recommended initial 
dosage for elderly or debilitated patients. 


Before prescribing Dalmane (flurazepam HCI), 
please consult complete product information, a 


summary of which follows: 

Indications: Effective in all types of insomnia 
characterized by difficulty in fall ling asleep, 
frequent nocturnal awakening ind/ /or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits; in acute or 
chronic medical situations requi ring restful 
sleep. Objective sleep laboratory data have 


shown Ar An Gases for at least 28 consecutive 


nights of administration. since insomnia is often Dalmane ( tnan HC)) 


transient and intermittent, prolonged adminis 


tration is generally not necessary or recommended. rovides restful sleep 


Contraindications: Known hypersensitivity to 


furazeparn HCl rom the first night f 


Warnings: Caution patients about possible com- 
bined effects with alcoho! and other CNS depres administration 
sants. Caution against hazardous occupations 
requiring jJomplete mental alertness (e.g., 
operatinMmachinery, driving). 

Usage in Pregnancy: Several studies of 

minor tranquilizers (chlordiazepoxide, 

diazepam, and meprobamate) suggest in- 

creased risk of congenital malformations 

during the first trimester of pregnancy. 

Dalmane, a benzodiazepine, has not been 

studied adequately to determine whether 

it may be associated with such an in- 

creased risk. Because use of these drugs 

is rarely a matter of urgency, their use 

during this period should almost always 

be avoided. Consider possibility of preg- 

nancy when instituting therapy; advise 

patients to discuss therapy if they intend 

to or do become pregnant. 
Not recommended for use in persons under 15 
years of age. Though physical and psychological 
dependence have not been reported on recom 
mended doses, use caution in administering to 
addiction-prone individuals or those who might 
increase dosage 
Precauf$ In elderly and debilitated patients, 
itis rec nded that the dosave be limited to 
15 mg tO&reuuce risk of oversedation, dizziness 
confusion and/or ataxia. Consider potential 
additive effects with other hypnotics or CNS 
depressants. Employ usua! precautions in pa 
tients who are severely depressed, or with latent 
depression or suicidal tendencies, or with 
impaired renal or hepatic function. Periodi 
blood counts and liver and kidney function tests 
are advised during repeated therapy. 
Adverse Reactions: Dizziness, drowsiness, light 
headedness, staggering, ataxia and falling have 
occurred, particularly in elderly or debilitated 
patients. Severe sedation, lethargy, disorienta 
tion and coma, probably indicative of drug intol 
erance or overdosage, have been reported. Also 
reported: headache, heartburn, upset stomach, 
nausea, vomiting, diarrhea, constipation, GI 
pain, nervousness, talkativeness, apprehension, 
irritability, weakness, palpitations, chest pains 
body and joint pains and GU complaints. daos. 
have also been rare occurrences of leukoper 
Sranulocytopenia, sweating, flushes, diffi ulty i In 
focusing, blurred vision, burning eyes, faintness 
hypotension, shortness of breath, pruritus, skin 

rash, dry mouth, bitter taste, excessive saliva 

tion, anorexia, euphoria, depression, slurred 
spee h, confusion, restlessness, hallucinations, 
paradoxical reactions, e.g., excitement, stimula 
tion and hyperactivity, and elevated SGOT, SGPT, 
total and direct bilirubins and alkaline phosphatase 
Dosage: Individualize for maximum beneficial effect. 
Adults: 30 mg usual dosage; 15 mg may suffice in 
some patients. 
Elderly or debilitated patients: 15 mg recom- 
mended initially until response is determined. 
Supplied: Capsules containing 15 mg (orange and 


ivory); or 30 mg (red and ivory) flurazepam HCI 
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Of all sleep medications, none has been more thoroughly 
investigated and evaluated in the sleep research laboratory 
than Dalmane. In one study with Dalmane 30 mg h.s., patients 
with insomnia fell asleep within 17 minutes and slept an 
average of 7 to 8 hours! 


B DALMANEe 
flurazepam HCl / Roche 


30-mg and 15-mg capsules 


In another study, Dalmane was administered for 3 nights and 
caused significant improvement in the major parameters of 
Sleep induction and sleep maintenance. Patients fell asleep 
faster, had fewer nighttime awakenings and slept longer with 
Dalmane.* And of all sleep medications, only Dalmane has 
been objectively proven to maintain this efficacy through at 
least 28 consecutive nights of administration.? Since insomnia 
Is often transient and intermittent, the prolonged use of 
Dalmane is seldom necessary, and should only be undertaken 
with appropriate patient evaluations. 
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Both in vivo and in vitro studies have established that 
Dalmane does not interfere with many common laboratory 
tests, including SGOT, glucose, uric acid, triglycerides, 
alkaline phosphatase and total protein.*: Rare occurrences 
of elevations have been reported due to pharmacological 
effects (see Adverse Reactions section of product information). 
Unlike barbiturates, which can alter the effect of 
coumarin anticoagulants, Dalmane may be used in patients 
on chronic warfarin therapy; no unacceptable fluctuation 
in prothrombin time has been reported. 5.6 
When asleep medication is indicated...consider 
Dalmane, with an unsurpassed record of safety. 
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Morphine 


Important option when | 
potent parenteral analgesics HO 
are indicated 


E Standard doses of Stadol are as 
effective in relieving pain as standard 


doses of path morphine ang and vomiting, and low incidence of E The low addictive potential of 
meperidine. 


CNS effects other than sedation. Stadol** is underscored by its narcotic 
antagonist properties. 





E By either I.M. or I.V. route—pro- 


vides prompt onset of analgesia, E 2 mg. of Stadol produces an order 





achieves peak activity rapidly, main: of respiratory depression similar to Stadol is not recommended for 

taincelfecis for 3-4 houi: : that caused by 10 mg. of morphine. patients physically dependent on 
In contrast to morphine, increasing narcotics or with significant. pre- 

E Distinguished by its favorable side Stadol doses yield greater analgesic vious narcotic experience ts use. 
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effects profile,' —low physi- effect,’ without appreciably increas- in such patients, witho prior — 
cal-dependenceliability,limitedrespi- ^ ing liability for respiratory depres- detoxification, will result in induc- 
ratory depressant effect, little nausea sion. tion of withdrawal reactions. 
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Low physical-dependence liability 


Like 
a lot 3 


Like 
moder- 2 


Butorphanol (48 mg./day) 
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Initial days on drug 


Preference scores completed by subjects 

during chronic butorphanol tartrate 

administration compared with scores 

_ from three other groups of subjects re- 

ceiving 30, 120 and 240 mg. of morphine 
daily. (Adapted from Jasinski et al2«) 
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Clinical 
parameters Meperidine 


moderate to 
severe pain 





Standard I.M. |. 75-100 mg. 
dose 
Standard I.V. | 50-100 mg. 
dose | 

Usual route of I.M./1.V. 


administration 











30 minutes 
I.M., very 
rapidly I.V. 





Onset of pain 
relief 










. within 1 hour 
I.M., within 
| 30 minutes I.V. 


Peak analgesic 
activity 





Duration of pain | 


slightly less 
relief 1.M./I.V. 


| than morphine 








Addicting | high 
potential | 

Respiratory dose-related 
effects depression 










closer to 
the ideal 
parenteral 
analgesic 


The following table shows a side-by-side clinical compariso: 
of Stadol with both morphine and meperidine. 


Morphine 


Schedule II 
moderate to 
severe pain 
8-10 mg. 
4-10 mg. 


I.M./1I.V. 


30 minutes 
I.M., very 
rapidly I.V. 


within 1 hour 
I.M., within 
20 minutes I.V. 






dose-related 
depression 











Stadol 


Nonscheduled 





moderate to 
severe pain 


2 mg. 
(1 to 4 mg.) 


1 mg. 
(0.5 to 2 mg.) 


I.M./I.V. 


less than 30 
minutes I.M., 
very rapidly I.V. 


within 1 hour 
I.M., within 
30 minutes I.V. 


3-4 hours 
low 


limited depres- 
sion—no appre- 
ciable dose- 
related increase 
within the range 
of recommended 
doses. 


Data for this table were obtained from: Jaffe, J. H. and Martin, W. R.: Narcotic analgesics and 
antagonists, in The Pharmacological Basis of Therapeutics (Goodman, L. S. and Gilman, A., eds.), 
ed. 5, New York, Macmillan, 1975, pp. 245—283; AMA Drug Evaluations, ed. 3, Chicago, 1977, 
pp. 325—339; and from manufacturer recommendations. 
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INDICATIONS AND USAGE — 

Stadol is recommended for the relief of moderate to severe pain. 
CONTRAINDICATIONS — Stadol should not be administered to patients who hove 

' been shown to be hypersensitive to it. 
—J WARNINGS — Patients physically dependent on narcotics: Because of its an- 
tagonist properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 

Due to the difficulty in assessing addiction in patients who have recently received sub- 
stantial amounts of narcotic medication, caution should be used in the administration of 
Stadol. Detoxification of such patients prior to usage should be carefully considered. 
Drug dependence: Special care should be exercised in administering Stadol to emo- 
tionally unstable potients and to those with a history of drug misuse. When long-term 
therapy is contemplated, such patients should be closely supervised. Even though 
Stadol has a low physical-dependence liability, care should be taken that individuals 
who may be prone to drug abuse are closely supervised. It is important to avoid in- 
creases in dose and frequency of injections by tf tient and to prevent the use of the 
- drug in anticipation of pain rather than for the relief of pain. 

Head injury and increased intracranial pressure: Kithough there is no clinical ex- 
perience in patients with head injury, it can be assumed that Stadol, like other potent 
analgesics, elevates cuisbrospiial Hold pressure. Therefore the use of Stadol in cases of 
_ head injury can produce effects (e.g. , miosis} which may obscure the clinical course of 
patients with head injuries. In such patients Stadol must be used with extreme caution 
and only if its use is deemed essential. 

Cardiovascular effects: Because Stadol increases the work of the heart, especially the 
pulmonary circuit (see Clinical Pharmacology), the use of this drug in acute myocardial 
infarction or in cardiac patients with ventricular dysfunction or coronary insufficiency 
should be limited to those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS — Certain respiratory conditions: Because Stadol causes some res- 
piratory depression, it should be administered only with caution and low dosage to pe 
tients with respiratory depression (e.g., from other medication, uremia, or severe infec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 

Impaired renal or hepatic function: Although laboratory tests have not indicated 
that Stadol causes or increases renal or iei unde impairment, the drug should be ad- 
ministered with caution to patients with such impai 
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impairment. Extensive liver disease may 

predispose to greater side effects ond greater activity from the usual clinical dose, pos- 

sibly the result of decreased metabolism of the drug by the liver. 

Biliary surgery: Clinical studies have not been done to establish the sofety of Stadol 

administration to patients about to undergo surgery of the biliary tract. 

Usage ín pregnancy: The safety of Stadol for use in pregnancy has not been estab- 

lished; therefore, this drug should be used in pregnant patients only when, in the judg- 

ment of the physician, its use is deemed essential to the welfare of the patient. 
Reproduction studies have been performed in rats, mice, and rabbits and have re- 

vealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 2.5 

to 5 times the human dose. 

Usage in labor and delivery: Safety to the mother and fetus following administration 

of Stadol during labor and delivery has not been established. 

Usage in nursing mothers: The use of Stadol is not recommended in nursing mothers 

since it is not known whether this drug is excreted in human milk. 

Pediatric use: Safety and efficacy in children below age 18 years have not been estab- 


lished. 
ADVERSE REACTIONS — The most frequent adverse reactions in 1250 patients treated 
with Stadol are: sedation (503, 4096), nausea (82, 6%), clammy/sweating (76, 6%). 

Less frequent reactions are: headache (35, 3%), vertigo (33, 3%), floating feeling 

no Y^ dizziness (23, 2%), lethargy (19, 296), confusion (15, 1%), lightheadedness 
12, 1%). 

Other adverse reactions which may occur (reported incidence of less than 1%) are: 
CNS effects: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic effects: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 
Eye: diplopia or blurred vision 
OVERDOSAGE — Manifestations: Although there have been no experiences of over- 
dosage with Stadol during clinical trials, this may occur dve to accidental or intentional 
misuse as well as therapeutic use, Based on the pharmacology of Stadol, overdosage 
could produce some degree of respiratory depression and variable cardiovascular and 
central nervous system effects. 

Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated con- 
stantly and appropriate supportive measures instituted, such as oxygen, intravenous 
fluids, vasopressors, and assisted or controlled respiration. 
DOSAGE AND ADMINISTRATION — Adults: intramuscular— The usual recom- 
mended single dose is 2 mg. This may be repeated every three to four hours, as neces- 
sary. The effective dosage range, depending on the severity of pain, is 1 to 4 mg. re- 
peated every three to four hours. At this time, there is insufficient clinical data to rec- 
ommend single doses beyond 4 mg. 
Intravenous — The usual recommended single dose for intravenous administration is 1 
mg. repeated every three to four hours as necessary. The effective dose range, de- 
pending on the severity of pain, is 0.5 to 2 mg. repeated every three to four hours. 

"hildren: Since there is no clinical experience in children under 18 years, Stadol is not 
recommended in this age group. 
Storage conditions: When stored at room temperature, the stability of the solution in 
vials is 2 years. 
SUPPLY — Stadol {butorphanol tartrate) Injection for I.M. or I. V. use, 2 mg. per ml., 
2-ml. vial; | mg. per mi., 1-ml. vial; 2 mg. per ml., 1-ml. vial; 2 mg. per mi., 10-ml. 
multi-dose vial. 
NDC 0015-5644 —2 mg. per ml., 2-ml. vials 
NDC 0015-5645 —1 mg. per ml., 1-ml. vials 
NDC 0015-5646—2 mg. per mL, 1-mi. vials 
NDC 0015-5648—2 mg. per mi., 10-ml. multi-dose vials 

For information on package sizes available, refer to the current price schedule, 
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nalouohine HCI 


ANALGESIA COMPARABLE 
TO MORPHINE 


-10 MG NUBAIN IS COMPARABLE TO 
10 MG MORPHINE IN ANALGESIA 


-ONSET OF ACTION IN 2 TO 3 MINUTES LV, 
AND LESS THAN 15 MINUTES I. M.OR S.C. 


-ANALGESIA LASTS FROM 
3 TO 6 HOURS 





® 
AMPULS AND | 


NUBAIN:- ^ — —— 


nalouphine HC 


DOCUMENTED 
CLINICAL VALUE 


Twenty-seven investigations reported on the benefits of NUBAIN as 
a pre-anesthetic, postoperative or chronic medication in 

a variety of studies involving: m obstetric (during labor) and 
gynecologic patients W general surgical patients Iii cancer patients 
li cardiac patients IM orthopedic patients m gastrointestinal patients 


LOW INCIDENCE 
OF SIDE EFFECTS 


In 27 single or cross-over clinical studies involvin¢2,038 drug 
evaluations, NUBAIN showed a low level of side effects* Specifically, 
compared to morphine and meperidine, NUBAIN caused a lower 
incidence of vomiting. And, compared to Talwin® (pentazocine 
lactate), NUBAIN caused fewer psychotomimettc effects. The 
following bar chart shows the incidence of these side effects among 


the drugs tested? 
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* 6€ 0.05: Statistically significant difference from NUBAIN group 


EN NUBAIN (1,066 patients) MEPERIDINE (934 patients) 
Key 
MORPHINE (486 patients) TALWIN" (252 patients) 


? These clinical studies involved patients with pain from a variety of medical causes, including labor, 
cancer, and orthopedic and general surgical procedures. Actual number of patientsexperiencing each 
side effect is shown in parentheses on the bar graphs 

*The most frequent adverse reaction in 1,066 patients treated with NUBAIN" is sedation ( 3675). Less 
frequent reactions are: sweaty/clammy (9%), nausea/vomiting (6%), dizziness/vertigo (5%), dry 
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LOW POTENTIAL 
. FOR ABUSE 


abuse potential. QU P eae 


LOW RESPIRATORY 
DEPRESSANT EFFECT 


At dosages of 10 mg/70 kg, NUBAIN causes respiratory depression 
comparable to that of morphine. In contrast to morphine, higher doses 
of NUBAIN do not increase respiratory depression appreciably 

(see Precautions). 


e 
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Compared to morphine Compared to meperidine 
NUBAIN offers NUBAIN offers 

B analgesia comparable to morphine W analgesia comparable to that of 
An milligram potency, onset, peak, meperidine 


duration | possibly longer duration of action 
E lower incidence of vomiting (3-6 hrs. vs. 9-4 hrs.) 

| lower respiratory depressant effect W lower incidence of nausea and 

at higher doses vomiting 

E less potential for abuse E less potential for abuse 

E less potential for development of E Iess potential for development of 
tolerance and physical dependence tolerance and physical dependence 


B fewer side effects were experi- 
enced during labor by mothers in 
obstetrical studies' 


' In four double-blind obstetrical studies, NUBAIN and meperidine provided comparable analgesia. 
Neonates did equally well on both drugs but there is a possibility that either drug can 
produce depressive effects in the fetus or neonate. Mothers receiving NUBAIN experienced 
fewer side effects. 
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DESCRIPTION 


_ NUBAIN (nalbuphine hydrochloride) is a synthetic narcotic agonist-antagonist analgesic of the 
phenanthrene series. It is chemically related to both the widely used narcotic antagonist, naloxone, and 
the potent narcotic analgesic, oxymorphone. 


NALBUPHINE HYDROCHLORIDE 


(-}-17-(cyclobutyimethyi) -4, 5a-epoxy — 
morphinan-3, 6a, 14-friol hydrochloride 


HCI 





tach mi of the injectable aqueous solution of NUBAIN contains 10 mg of nalbuphine hydrochloride. 


ACTIONS 


NUBAIN is a potent analgesic. Its analgesic potency is essentially equivalent to that of morphine ona 
milligram basis. 
its onset of action occurs within 2 to 3 minutes after intravenous administration, and in less than 15 
minutes following subcutaneous or intramuscular injection. The plasma half-life of nalbuphine is 5 
Ad. and in clinical studies the duration of analgesic activity has been reported to range from 310 6 
ours. 
The narcotic antagonist activity of NUBAIN is one-fourth as potent as nalorphine and 10 times that of 


pentazocine. 
INDICATIONS 


For the relief of moderate to severe pain. NUBAIN can also be used for preoperative analgesia, as a 
Supplement to surgical anesthesia, and for obstetrical analgesia during labor. 


CONTRAINDICATIONS 
NUBAIN should not be administered to patients who are hypersensitive to it. 


WARNINGS 


DrugDependence NUBAIN has been shown to have a low abuse potential which is approximate to 
that of pentazocine. When compared with drugs which are not mixed agonist-antagonists, it has been 
reported that nalbuphine's potential for abuse would be less than that of codeine and propoxyphene. 
Psychological and physical dependence and tolerance may follow the abuse or misuse of nalbuphine. 
Therefore, caution should be observed in prescribing it for emotionally unstable patients, or for 
individuals with a history of narcotic abuse. Such patients should be closely supervised when long- 
term therapy is contemplated. 

Care should be taken to avoid increases in dosage or frequency of administration which in 
susceptible individuals might result in physical dependence. 

Abrupt discontinuation of NUBAIN following prolonged use has been followed by symptoms of 
narcotic withdrawal, ie., abdominal cramps, nausea and vomiting, rhinorrhea, lacrimation, 
restlessness, anxiely, elevated temperature and piloerection. 


Use in Ambulatory Patients X NUBAIN may impair the mental or physical abilities required for the 
performance of potentially dangerous tasks such as driving a car of operating machinery. Therefore, 
NUBAIN should be administered with caution to ambulatory patients who should be warned to avoid 
such hazards. 


Use in Emergency Procedures Maintain patient under observation until recovered from 
NUBAIN effects that would affect driving or other potentially dangerous tasks. 


Use in Children Clinical experience to support administration to patients under 18 years is not 
available af present. 


Use in Pregnancy (other than labor) Safe use of NUBAIN in pregnancy has no! been 
established. Although animal reproductive studies have not revealed teratogenic or embryotoxic 
effects, nalbuphine should only be administered to pregnant women when, in the judgement of the 
physician, the potential benefits outweigh the possible hazards. 


Use During Labor and Delivery | NUBAIN can produce respiratory depression in the neonate. It 
should be used with caution in women delivering premature infants. 


Head Injury and increased Intracranial Pressure — The possible respiratory depressant effects 
and the potential of potent analgesics to elevate cerebrospinal fluid pressure (resulting fom 
vasodilation following CO, retention) may be markedly exaggerated in the presence of head injury, 
intracranial lesions or a pre-existing increase in intracranial pressure. Furthermore, potent analgesics 
can produce effects which may obscure the clinical course of patients with head injuries. Therelore, 
NUBAIN should be used in these circumstances only when essential, and then should be administered 
with extreme caution. 


Interaction With Other Central Nervous System Depressants — Although NUBAIN possesses 
narcotic antagonist activity, there is evidence that in nondependent patients it will not antagonize a 
narcotic analgesic administered jus! before, concurrently, or just affer an injection of NUBAIN 
Therelore, patients receiving a narcotic analgesic. general anesthetics, phenothiazines, or other 
tranquilizers. sedatives, hypnotics. or other CNS depressants (including alcohol) concomitantly with 
NUBAIN may exhibit an additive eflect. When such combined therapy is contemplated. the dose of one 
ot both agents should be reduced. 


IT CAN CHANGE THE WAY 
YOU THINK ABOUT 
POTENT ANALGESICS 


PRECAUTIONS 


Impaired Respiration A! the usual adult dose of 10 mg/70 kg. NUBAIN causes some respiratory 
depression approximately equal to that produced by equal doses of morphine. However, in contrast to 
morphine, respiratory depression is not appreciably increased with higher doses of NUBAIN. 
Respiratory depression induced by NUBAIN can be reversed by NARCAN® (naloxone hydrochloride) 
when indicated. NUBAIN should be administered with caution at low doses to patients with impaired 
respiration (e.g.. from other medication, uremia, bronchial asthma, severe infection, cyanosis or 
respiratory obstructions). 


Impaired Renal or Hepatic Function Because NUBAIN is metabolized in the liver and excreted 
by the kidneys, patients with renal or liver dysfunction may overreact to customary doses. Therefore, in 
these individuais, NUBAIN should be used with caution and administered in reduced amounts. 


Myocardial infarction As with ali potent analgesics, NUBAIN should be used with caution 
in patients with myocardial infarction who have nausea or vomiting. 


Biliary Tract Surgery As with ali narcotic analgesics. NUBAIN should be used with caution in 
patients about to undergo surgery of the biliary tract since it may cause spasm of the sphincter of Oddi. 


ADVERSE REACTIONS 


The most frequent adverse reaction in 1066 patients treated with NUBAIN is sedation (381, 36%). 

Less frequent reactions are: sweaty/clammy (99, 9%), nausea/vomiting (68, 6%). 
dizziness/vertigo (58, 596). dry mouth (44, 4%), and headache (27, 396). 

Other adverse reactions which may occur (reported incidence of 1% or fess) are: 


CNS Effects nervousness. depression, restlessness, crying, euphoria, floating, hostility, unusual 
dreams, confusion, faintness, hallucinations, dysphoria, feeling of heaviness, numbness, tingling, 
unreality. The incidence of psychotomimetic effects. such as unreatity, depersonalization, delusions. 
dysphoria and hallucinations has been shown to be less than that which occurs with pentazocine. 


Cardiovascular Hypertension, hypotension, bradycardia, tachycardia. 
Gastrointestinal Cramps. dyspepsia, bitter taste. 

Respiration Depression. dyspnea. asthma. 

Dermatological itching, burning, urticaria. 

Miscellaneous Speech difficulty urinary urgency, blurred vision, flushing and warmth. 


DOSAGE AND ADMINISTRATION 


The usual recommended adult dose is 10 mg for a 70 kg individual, administered subcutaneously. 
intramuscularly or intravenously: this dose may be repeated every 3 to 6 hours as necessary. Dosage 
should be adjusted according to the severity of the pain, physical status of the patient, and other 
medications which the patient may be receiving. (See Interaction with Other Central Nervous System 
Depressants under WARNINGS. 1 in non-tolerant individuals, the recommended single maximum dose 
is 20 mg, with a maximum total daily dose of 160 mg. 


Patients Dependent on Narcotics Patients who have been taking narcotics chronically may 
experience withdrawal symptoms upon the administration of NUBAIN. If unduly troublesome, narcotic 
withdrawal symptoms can be controlled by the slow intravenous administration of small increments of 
morphine, until relief occurs. If the previous analgesic was morphine, meperidine, codeine, or other 
narcotic with similar duration of activity, one-fourth of the anticipated dose of NUBAIN can be 
administered initially and the patient observed for signs of withdrawal, i.e.. abdominal cramps, nausea 
and vomiting, lacrimation, rhinorrhea, anxiety, restlessness, elevation of temperature or piloerection. If 
untoward symptoms do not occur, progressively larger doses may be tried at appropriate intervals until 
the desired level of analgesia is obtained with NUBAIN. 


Management of Overdosage The immediate intravenous administration of. NARCAN* 
{naloxone hydrochloride) is a specific antidote. Oxygen, intravenous fluids. vasopressors and other 
supportive measures should be used as indicated. 

The administration of single doses of 72 mg of NUBAIN intramuscularly to eight normal subjects 
has been reported to have resulted primarily in symptoms of sleepiness and mild dysphoria. 


HOW SUPPLIED 


NUBAIN* (nalbuphine hydrochloride) injection for intramuscular, subcutaneous, or intravenous 
use (10 mg/ml) is available in: 

NDC 40056-0385 10 mg/mi, 1 mi ampuls (box of 10) 

NDC 40056-0384 10 mg/ml, 2 mi ampuls (box of 10) 

NDC 40056-0386 10 mgmt, 10 mi vials 

Each mi contains 10 mg nalbuphine hydrochloride, 0.1% sodium chloride, 0.94% sodium citrate. 
1.26% citric acid anhydrous. 0.1% sodium metabisullite, and 0.2% of a 9:1 mixture of methylparaben. 
and propyiparaben as preservative: pH is adjusted with hydrochloric acid. 7? 


6094-1 
Subsidiary of the DuPont Company 
Garden City, New York 11530 


NUBAIN, NARCAN and 
NUMORPHAN are Endo registered US. trademarks. 
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Intrapulmonary Clotting and Fibrinolysis During 
Abdominal Aortic Aneurysm Surgery 


GERALD A. MCLOUGHLIN, M.D., GENE A. GRINDLINGER, M.D., JONAH MANNY, M.D., C. ROBERT VALERI, M.D., 
BOGUSLAW LIPINSKI, PH.D., JOHN A. MANNICK, M.D., HERBERT B. HECHTMAN, M.D. 


Intravascular clotting and fibrinolysis (C and F) are events 
which often accompany major surgical trauma. Their role in 
inducing cardiopulmonary failure is debated and prompted 
this study of 13 patients undergoing elective AAA. Following 
intubation, anesthesia and pressure breathing fibrinolytic 
activity (FA) in arterial blood exceeded that in mixed venous 
blood (p < 0.001) indicating pulmonary secretion of pro- 
teolytic activity. Fibrinogen, plasminogen and fibrin degrada- 
tion products (FDPs) were normal. During surgery, fibrinogen 
and plasminogen fell (p < 0.001) while nonplasmin mediated 
FA and FDPs rose (p < .001). Despite heparinization (5000 
U IV) aortic clamping (avg 56 min) led to evidence of C and F 
within the lungs. Arterial fibrinogen was 33.2 mg/ml lower 
than mixed venous blood (p < 0.01) and plasminogen was 
0.47 Sherry units lower (p < 0.001). Soluble fibrin monomer 
appeared in arterial blood (p < 0.01). At the same time non- 
plasmin mediated FA was consumed within the lungs (p 
< 0.01) and FDPs were produced (44.6 pg/ml higher in 
arterial blood, p < 0.001). Similar changes were noted after 
aortic declamping. The transient 5.3 ml/cm H,O fall in dynamic 
compliance was unrelated to C and F. Pulmonary vascular 
resistance and arterial pressure were unchanged. During 
wound closure intrapulmonary C and F ceased. Postoperatively 
(6 h), the physiologic shunt of 15.1% was similar to the pre- 
operative value of 13.3%. All C and F factors returned to nor- 
mal except FDPs which remained elevated. An average of 0.2 U 
blood was given prior to aortic clamping and 3.1 U during 
clamping. Neither the volume nor the type of blood (7 patients 
received washed RBCs) influenced pulmonary C and F. The 
results show that pressure breathing will alter pulmonary 
metabolism from clearance to secretion of fibrinolytic activity. 
Surgery leads to systemic C and F while intrapulmonary C and 
F is triggered by aortic clamping despite IV heparin. Delayed 
functional consequences of C and F are possible. Immediate 
postoperative effects are not apparent. 


ly INTRAVASCULAR clotting and fibri- 
nolysis are events which often accompany critical 
illness and are considered by some investigators to 
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play a causal role in the development of multisystems 
organ failure including nonhydrostatic pulmonary 
edema. DIC may be stimulated by sepsis, trauma 
as well as major surgery.?^?* Whether or not these 
hematologic events lead to pulmonary endothelial cell 
damage, edema and organ failure is debated.‘ 
Abdominal aortic aneurysm (AAA) surgery results 
in a prolonged period of lower torso ischemia. This 
is considered to be a trigger for intravascular clotting 
and subsequent microembolization after aortic de- 
clamping.” The hypoxia that often accompanies AAA 
surgery has been related to these events. Thisis a study 
of clotting and fibrinolysis and their relationship to 
cardiopulmonary function during elective AAA surgery. 


Methods 


A series of 13 consecutive patients who were to 
undergo elective AAA repair formed the study group. 
On the evening prior to surgery all patients had arterial 
and flow directed 7 French pulmonary arterial (Instru- 
mentation Laboratory, Lexington, MA) catheters in- 
serted. An infusion of 1500 ml Ringers lactate and 
75 g albumin was given overnight. 

During surgery, blood and fluid were administered by 
the anesthesiologist according to clinical criteria. Pa- 
tients were randomized so that they received either 
liquid stored whole blood or washed red cells. Auto- 
transfusions were used as a supplementary source of 
blood which was usually administered at the time of 
wound closure. All blood was given through a 40 u 
Pall filter (Pall Corp., Glenn Cove, NY). 

Each patient received 5000 u Heparin IV just prior 
to application of the infrarenal aortic clamp. The 
average time of aortic occlusion was 56.4 + 10.4 min 
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TABLE |. Blood Utilization 


pesca 





30 Aortic 
Study Period min Clamp Release Closure 6h 24h 
Autotransfused | I 4 2 
Washed RBCs i 17 5 3 3 | 
Whole blood 2 13 3 8 4 
Total 3 3i 9 iS 5 § 
Mean 0.2 2.4 0.7 L2 04 40.4 
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(mean + SD). The entire operative procedure lasted 
4.11 + 0.24 hrs. Postoperatively, patients were kept 
intubated and were maintained on mechanical ventila- 
tory assistance. In our institution this represents rou- 
tine care following AAA surgery. All patients were 
gradually weaned from the ventilator and extubated 
between 24 and 36 hours postoperatively. 

Studies were conducted during 10 time periods: 1) 
preoperatively, 2) following intubation, 3) 30 minutes 
after skin incision, 4) 30 minutes after aortic clamping, 
5) two to three minutes following aortic declamping, 
6) wound closure, 7) six hours postoperatively, 8) 24 
hours postoperatively, 9) four hours after extubation, 
and 10) 48 hours postoperatively. The following 
measurements were performed at each time interval 
unless otherwise noted. 


Hemodynamics 


Complete studies were done during periods one 
through six. Central venous (CVP), mean pulmonary 
arterial (MPAP), pulmonary arterial wedge (PAWP) 
and mean arterial (MAP) pressures were measured with 
standard strain gauge transducers. The values were 
taken at end exhalation. Pulse rate was measured from 
the arterial wave form. Cardiac outputs (CO) were 
performed in triplicate using the thermodilution tech- 
nique (Instrumentation Laboratory, Model 601). Pul- 
monary vascular resistance (PVR) was calculated from 
the ratio MPAP-PAWP/CO where pressures are in mm 
Hg and CO is in ml/sec. 


Pulmonary Function 


Mixed venous and arterial blood samples were 
analyzed for Po,, Pco,, and pH using standard Clark 
and Severinghaus electrodes (Instrumentation Labora- 
tory, Model 813). Hemoglobin and per cent saturation 
were measured spectrophotometrically (Instrumenta- 
tion Laboratory, Model 282) and the physiologic shunt 
fraction (QJQ/4) calculated. These measurements 
were only done preoperatively and six hours post- 
operatively at an F,O, of 0.2 and 0.3, respectively. 
Effective dynamic compliance was measured when 
patients were intubated (time periods two through 
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eight) from the ratio tidal volume/peak inspiratory 
pressure minus end expiratory pressure. 


Clotting and Fibrinolysis 

Plasma fibrinogen was estimated by the gravimetric 
method of Hickman.' Plasma plasminogen was meas- 
ured by the caseinolytic method.’ Soluble fibrin 
monomer complexes were measured using serial dilu- 
tions of protamine sulfate mixed with equal volumes of 
citrated plasma.'® These assays of fibrin monomer were 
conducted only at the time of clamp release. 


Fibrin Degradation Products 


(FDPs) were measured by a modified tanned red 
cell hemagglutination technique of Mersky.*! Fibrino- 
lytic activity was assayed using the method of Moroz.” 
The two components of this activity, plasmin/ 
plasminogen mediated and non-plasmin mediated were 
separated. Total fibrinolytic activity was measured by 
preparing euglobulin fractions’ from EDTA treated 
plasma and then incubating with plasminogen en- 
riched '°I-fibrin. The results are expressed as mg 
fibrin lysed. In order to measure nonplasmin mediated 
activity, plasminogen and plasmin were removed from 
a second aliquot of test plasma. This was done by 
affinity chromatography using cyanobromide activated 
l-Lysine Sepharose 4B.5 The ability of the column 
to completely remove plasminogen was confirmed by 
the failure of urokinase to activate the eluate when 
applied to heated fibrin plates. Similarly, plasmin was 
passed through the column. The removal of plasmin 
(Sigma, St. Louis, MO) was confirmed by testing the 
eluate on heated fibrin plates. Euglobulin fractions were 
prepared from the plasminogen/plasmin depleted 
serum and then incubated with plasminogen depleted 
25] fibrin. The results are again expressed as ng fibrin 
lysed. This value subtracted from total fibrinolytic 
activity yields plasminogen/plasmin mediated activity. 

All data is presented as the mean + one standard 
deviation. Statistics make use of the Student’s t-test 
for paired samples as well as simple correlation 
analysis. 


Results 


All 13 patients underwent uneventful abdominal 
aortic aneurysmectomy and had uncomplicated post- 
operative courses. Each patient received an average 
of 5.2 units of blood; 4.2 units were given intra- 
operatively (Table 1). Similar volumes of red cells were 
given to patients designated to receive washed red cells 
or whole blood. Five patients received autotrans- 
fusions of small volumes of blood, the majority being 
given at the time of wound closure. 










~~ Fic. |. Thirty minutes into 
^77 the surgical procedure fi- 
s: brinogen levels show sig- 
nificant decreases compared 
to the levels during intuba- 
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TABLE 2. Cardiopulmonary Function 








Ub CI MAP Pulse MPAP PAWP PVR EDC Q&Q, 
A l/min: M? (mmHg) (min`?) (mmHg) (mmHg) (mmHg:sec/ml) (ml/cm H,O) (96) 
re-Op 2.43 + .57 97-18 67+ 9 14.4+3.0),, 61+ 4.61, 10 + .04 13.3 + 7.5 
ubate 2.64 + .61 1025 74+ 15 17.5 + 3.1] 10.3 + 3.4] 09 + .03 39 + 13 
10" 2.54 + .80 109 + 23 79 + 25 17.7 + 4.8 11.2 + 4.2 09 + .05 35 x 7 
Aortic Clamp — 2.34 + .64 110 + 28}, 7017 17.1 + 52 11.6 + 5.4 08 + .04 35+ D4 
Release 2.56 + .60 94-27] 72+ 17 16.5 + 6.1 10.8 + 4.9 07 + .05 30 91, 
Close 2.49 + .75), 103 + 12 68 + 14l., 15.6 + 3.2 9.0 + 3.8 .09 + .06 36+ 9 
3.05 + 45 92 + 16 82 + 16| 16.8 + 4.2 7.4 + 3.4 .10 + .03 15.1 + 5.8 





Results are mean + SD. Asterisks refer to significant differences 
between adjacent study periods: *p < .05, **p < .01. The last three 
time periods (24 h, extubate and 48 h) are not presented since the 
data are incomplete. The abbreviations are: cardiac index (CI); 


Cardiopulmonary Function 


. A Following intubation and pressure breathing, MPAP 

and PAWP rose (Table 2, p < 0.01). The average 
- amount of end expiratory pressure resulting from the 
-anesthesia circuitry was 2.3 cm H,O. There was 
: hemodynamic stability until release of the aortic clamp 
when MAP fell 16 mmHg (p « 0.05). At the same time, 
effective dynamic compliance (EDC) fell (p < 0.01). 
During closure EDC returned toward normal (p 
« 0.01). Six hours postoperatively the cardiac index 
rose 0.56 l/min: M? (p « 0.05). This was due to a rise in 
pulse rate from 68 to 82 (p « 0.01). Pulmonary vascular 
resistance and the physiologic shunt were unchanged. 
End expiratory pressure was not applied in the post- 
operative period. 


S B 
| 


tion (p< 0.001 by paired 
t-test). During aortic clamp- 
ing and declamping the 
difference between arterial - 
and mixed venous fibrino- 
gen levels is evidence of 
intrapulmonary clotting. 
The sharp postoperative 
recovery of fibrinogen sug- 
gests that had measure- 
ments been conducted be- 
yond 48 hours an overshoot 
would have been observed. 
. Asterisks refer to differ- 
ences between pulmonary 
> and systemic arterial blood, - 


FIBRINOGEN (mg: di") 
N CI A 
S 8 8 


8 


mean arterial pressure (MAP); mean pulmonary arterial pressure 
(MPAP), pulmonary arterial wedge pressure (PAWP); pulmonary 
vascular resistance (PVR); effective dynamic compliance (EDC) 
and physiologic shunt (Qs/Q,). 


Clotting and Fibrinolysis 


After 30 minutes of surgery fibrinogen levels had 
fallen by 69 mg/dl (Fig. 1, p « 0.001), plasminogen 
was reduced by 0.88 Sherry units (Fig. 2, p « 0.001) 
and FDPs had risen from 0.9 to 68.5 ug/ml (Fig. 3, 
p « 0.001). Following aortic clamping, fibrinogen and 
plasminogen levels in mixed venous blood decreased 
further (p « 0.001). An even greater decrease in 
arterial fibrinogen (p « 0.001) and plasminogen levels 
(p « 0.001) was noted. The decrease in fibrinogen of 
33 mg/dl and in plasminogen of 0.47 Sherry units across 
the lungs was significant (p < 0.01 and p < 0.001, 
respectively). On the other hand, the levels of FDPs in 
mixed venous blood increased by a further 25 ug/ml 
(p < 0.05) and in arterial blood by a further 71 ug/ml 
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Fic. 2. The decrease in 
plasminogen and its con- 
sumption within the lungs 
during aortic clamping and 
release parallels the fibrino- 
gen findings. This supports 
the hypothesis that plasmin 
mediated fibrinolytic activity 
is operative. 


(p < 0.001). This rise in FDPs during passage across clamping(p < 0.001). Both fibrinogen and plasminogen 


the lungs was significant (p < 0.001). 


were reduced across the lungs (p « 0.001). FDPs rose 


The same general trend was observed after aortic slightly, but not significantly, although evidence of 
declamping. Mixed venous and arterial fibrinogen and production of FDPs in the pulmonary circulation per- 
plasminogen levels fell compared to the period of aortic sisted (p < 0.01). The average titer of soluble fibrin 
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Fic. 3. Operative trauma 
stimulates intravascular clot- 
ting and fibrinolysis with 
the production of fibrin deg- 
radation products (FDPs). 
During aortic clamping and 
release the fall in fibrino- 
gen and plasminogen across 
the lungs is accompanied 


by the appearance of FDPs. 


Asterisks refer to differ- 
ences between pulmonary 
and systemic arterial blood. 
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| TABLE 3. Fibrinolytic Activity (ug Fibrin Lysed) 
m a I a inr nmm mtem MM Mmm—ueát t 


Plasmin-mediated 





Nonplasmin-mediated 


| PA A PA A 
< Preop 19.5 + 72 18.3 + 5.6 86+ 2.9 d 41+ 2. 
. Intubate 22.8 € 8.9 Ts 32.7 + 10.0 10.4 = 3.4 t 8.0+ 2. 
30' 142 6135.2 12:5 45. 7-8 $0.4 + 23,3 oe 29.8 + 21. 
Aortic clamp 21.4 + 12.6 15.8 + 5.9 62.6 ż 27.3 THER 37.8 + 17 
Release 20.0 + 12.8 di 5.5 £ 28 45.0 + 20.2 EA I3.2+ 4 
Close 12.0 + 8.0 8.2 * 4.4 29.1 + 11.6 Pet 13.9 + 7 
6h ILI x 5.6 92+ 59 24.3 + 8.7 29.4 + 10 
24h 8.2 £ 4.2 69- 2.3 2526. 43 i 29.7 + 7 
Extubate 12.5 + 8.0 * 1.2 £ 34 15.3 € 4.4 d 6.4 - 3 
48 h 18.8 + 8.9 áj ZIS 1 8.1 + 2.6 v 2.9x ] 


OD mA LA M RA UA MEE LA Sd 





Results are mean + SD. Asterisks refer to significance between 
. pulmonary artery (PA) and arterial (A) blood samples. 


monomer in mixed venous blood was always less than 


1:10, while the titer averaged 1:40 in arterial blood - 


(p « 0.001). 
During wound closure and thereafter, there was no 


DU E longer evidence of loss of fibrinogen or plasminogen 


across the lungs. Further, the intrapulmonary pro- 
duction of FDPs ceased. Fibrinogen and plasminogen 
levels gradually rose and returned to normal at 48 
hours. FDPs decreased, but remained elevated at 48 
hours. 

Plasmin mediated fibrinolytic activity was produced 
by the lungs following intubation, since arterial levels 
exceeded those in mixed venous blood (Table 3, Fig. 4, 
p < 0.01). Thereafter the lungs cleared plasmin medi- 
ated activity (p « 0.05 to p « 0.01). This was particu- 
larly prominent after aortic clamp release when 72% 
was cleared. Throughout the study, plasmin mediated 
fibrinolytic activity did not rise above baseline values. 


Fic. 4. Plasminogen/plas- 
min mediated fibrinolytic 
activity is normally much 
higher than non-plasmin 
mediated activity. The 
latter is usually cleared by 
the lungs, evidenced by the 
higher levels in pulmonary 
compared to systemic ar- 
terial blood. Following in- 
tubation the lungs secrete 
plasmin mediated activity. 
Thereafter this activity de- 
clines. The very high levels 
of non-specific proteolytic 
activity during the operative 
procedure has unknown 
consequences. The stand- 
ard deviations of each mean 
is given in Table 3. Asterisks 
. referto differences between 
= pulmonary and systemic ar- 
terial levels. 
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Pre-Op intubate 30min Aortic Release 


*p < 0.05. **p < 0.01. ***p < 0.001. 


The baseline levels of nonplasmin mediated activity 
were lower than plasmin mediated activity (p < 0.001), 
but rose significantly 30 minutes after surgery (p 
< 0.001). The lungs cleared significant amounts of this 
activity at all time periods except at 6 and 24 hours 
postoperatively. After extubation nonplasmin medi- 
ated activity returned to baseline. 

There was no correlation between cardiopulmonary 
function (Table 2) and any clotting or fibrinolytic event. 
Further, neither the volume nor the type of infused 
blood related to these variables either during the time 
of transfusion or during the subsequent study period. 


Discussion 


Multisystems organ failure and particularly acute 
respiratory failure are known to accompany serious 
illness. Disseminated intravascular coagulation and 
fibrinolysis are also common events in such clinical 
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settings. Recent evidence demonstrates that DIC need 
not precede or accompany respiratory failure.” These 
reports however do not exclude the possibility that 
patients developing DIC will be vulnerable to organ 
failure, an hypothesis often stated and supported by 
animal experiments. !?-?8 


Consequences of Clotting and Fibrinolysis 


This study documents the occurrence of both 
systemic and intrapulmonary clotting and fibrinolysis. 
The systemic coagulopathy is noted 30 minutes after 
skin incision, at a time when the operative procedure 
reproduces the trauma of many surgical procedures. 
The abnormalities encountered are a fall in fibrinogen, 
plasminogen and a rise in FDPs. Following aortic 
clamping these clotting and fibrinolytic events occur 
within the lungs, evidenced by significant differences 
in the levels of these factors in mixed venous and 
arterial blood. The additional finding of high titers of 
soluble fibrin monomer in arterial blood further docu- 
ments the occurrence of intrapulmonary coagulation." 

The cardiopulmonary function of these patients re- 
mained stable save for a transient fall in mean arterial 
pressure and effective dynamic compliance at the time 
of aortic declamping. There was no correlation between 
any of the clotting and fibrinolytic events and cardio- 
pulmonary function measured at the same or sub- 
sequent study periods. 


Cardiopulmonary function was normal six hours — 


postoperatively. Thereafter, although formal studies 
of pulmonary function were not carried out, there was 
no clinical or radiologic evidence of respiratory distress 
or pulmonary edema. It is possible that the absence of 
such findings was due to an inadequate DIC stimulus. 
This is unlikely since the levels of FDPs in our study 
patients are comparable to the levels found in critical 
illness.'? It might also be argued that DIC leads to 
delayed pulmonary damage. It is true that the physio- 
logic shunt after elective abdominal aortic aneurysm 
peaks at 24—48 hours.!* Since Q./Q, was not measured 
at this time, it is not possible to exclude the occurrence 
of subclinical respiratory failure. Finally, another con- 
sequence of DIC is thought to be blockade of the reticu- 
loendothelial system and increased susceptibility to 
infection.!? Significant postoperative infections were 
not observed in our study group. 

Platelets and leukocytes are entrapped in the lungs 
following aneurysm surgery and thrombocytopenia is 
observed.'* Unfortunately, simultaneous clotting and 
fibrinolytic studies were not carried out in this previous 
study and therefore the relationship between the fall 
in these formed elements and the circulating clotting 
factors is unknown. However, this previous study does 
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demonstrate that cellular entrapment by the lungs is not 
related to abnormalities in pulmonary function. The 
present study is in agreement. Thus, the failure to ob- 
serve an increase in pulmonary vascular resistance 
at the time of aortic declamping suggests that micro- 
embolization is an inconsequential physiologic event. 

Recent animal studies show that the administration 
of highly purified fragment D, the principal component 
of FDPs will induce pulmonary edema.'*® Our failure 
to observe flagrant pulmonary pathology despite com- 
parable levels of FDPs may be due to the complexing 
of fragment D with soluble fibrin monomer.? This latter 
substance is known to be elevated in our study patients 
and may serve to neutralize the toxicity of fragment D. 

Some authors believe that an appropriate balance of 
clotting and fibrinolysis may protect against lung injury. 
Thus if clotting is induced and fibrinolysis is inhibited, 
severe respiratory failure will result.? The definition 
of in vivo fibrinolytic activity is difficult because of the 
many proteolytic enzymes which may degrade fibrin. 
Further, a number of naturally occurring inhibitors 
are present, but their local and systemic effects are 
poorly understood. The dilution and acidification pro- 
cedures used to prepare the euglobulin fractions are 
known to remove inhibitors of plasminogen activator 
and probably inhibitors of nonplasmin mediated 
fibrinolytic activity. Our in vitro measurements may 
therefore not reflect the in vivo contribution of 
inhibitors. 


Pulmonary Metabolic Control of Fibrinolytic Activity 


The earliest alteration in fibrinolytic activity occurs 
after intubation, at a time when there is no evidence of 
DIC. Fibrinogen, plasminogen and the levels of FDPs . 
remain normal. Intubation, pressure breathing and © 
anesthesia cause the lungs to secrete plasmin 
mediated fibrinolytic activity, evidenced by the 45 
percent increase in arterial levels compared with those 
in mixed venous blood (Fig. 4). Nonplasmin mediated 
activity is little affected. The lungs continue to clear 
this proteolytic activity. We believe that the secretion 
of plasminogen/plasmin mediated activity is related to 
pulmonary metabolic activity and is stimulated by lung 
stretch or mechanical lung distortion brought about 
by pressure breathing. These events have recently been 
reported to occur in the dog and are accentuated by the 
application of end-expiratory pressure.?? This in- 
crease in plasmin mediated activity represents a 
primary elevation in fibrinolytic activity, one that is 
unrelated to intravascular clotting, and one that is an 
unlikely cause of fibrinogen degradation." 

Surgery stimulates the systemic release of non- 
specific or nonplasmin mediated proteolytic activity 
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(Fig. 4). It is of interest to observe that the lungs can 
clear extraordinary amounts, up to 70% of this pro- 
teolyic activity and further, that in the postoperative 
period the lungs may become producers of this activity. 
This latter phenomenon is abolished by extubation 
and removal of pressure breathing. The biochemical 
definition of these proteolytic agents remains to be 
explored. Alternate complement enzymes or neutral 
proteases from leukocytes may be involved as well as 
other proteases released from endothelial or white 
cells.?:!! 


Plasmin and Nonplasmin Mediated Fibrinolytic Activity 


The active metabolic role of the lungs and other 
organs in secreting or clearing both plasmin and non- 
plasmin mediated activity makes interpretation of the 
functional importance of these two types of fibrinolytic 
activity difficult. Most of the evidence suggesting the 
importance of plasmin mediated activity is indirect. 
Thus, 30 minutes after skin incision, both arterial and 
mixed venous levels of plasminogen/plasmin mediated 
activity declined (p < 0.001, p < 0.03). The fact that 
plasminogen also fell (p « 0.001) is consistent with 
a degradation of plasminogen to plasmin. Stronger, 
although still indirect evidence of the role of plasmin 
mediated activity is the excellent correlation between 
the fall in fibrinogen and plasminogen (r = 0.98, Fig. 5). 
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This suggests that the degradation of fibrinogen to fibrin 
leads to the conversion of plasminogen to plasmin. 
Similar events occur within the lungs during aortic 
clamping and declamping. The decline of fibrinogen 
and plasminogen from mixed venous to arterial blood 
was related (r = 0.65, p < 0.03). Finally, the relation- 
ship between the systemic fall in plasminogen and the 
rise in FDPs from the time of intubation through wound 
closure (r= 0.91, p < 0.001) also supports the im- 
portance of plasmin mediated activity. 

Our data do not permit clear definition of the role 
played by the nonspecific proteases, or nonplasmin 
mediated activity. The rapid increase in this activity 
soon after the start of surgery, combined with a pul- 
monary clearance of up to 70% argues for energetic 
systemic production. Significant pulmonary clearance 
occurs at the 30 minute study period as well as during 
wound closure. At these times FDPs are not produced 
within the lungs, suggesting that pulmonary clearance 
is independent of fibrinolysis. 


Stimulus of Clotting and Fibrinolysis 


Operative trauma is believed to trigger the release 
of thromboplastic materials which in turn lead to 
systemic clotting and fibrinolysis. The cause of the 
intrapulmonary coagulopathy is more obscure. This 
latter event appears to be temporally related to aortic 
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clamping. At this time it is likely that portions of 
the lower torso such as the pelvis receive some blood 
flow, albeit inadequate. Microaggregates can form and 
be released from these regions. Embolization to the 
lungs may cause intrapulmonary clotting and fibrinoly- 
sis. This hypothesis is purely speculative and is not 
supported by hemodynamic events such as a rise in 
pulmonary vascular resistance. One might argue that 
rapid intrapulmonary fibrinolysis and disaggregation by 
locally produced prostacyclin protects against such 
functional changes. Further, it is not surprising that 
5000 u heparin did not prevent this coagulopathy since 
the ischemic acidotic lower torso blood would tend to 
inhibit the action of heparin. 

It is highly unlikely that blood infusions plaved a 
significant role. At 30 minutes from the time of skin 
incision, DIC was fully established yet an average of 
only 0.2 units of blood per patient had been given. The 
majority of blood was infused during aortic clamping. 
However, there was no correlation between the 
severity of the coagulopathy and the type, either 
washed or unwashed, or the quantity of blood infused. 

We conclude that intravascular clotting and fibrinoly- 
sis commonly accompany major surgery and are not 
necessarily related to the infusion of blood. Secondly, 
these events may occur within the lungs during aortic 
clamping despite the use of IV heparin. Finally, cardio- 
pulmonary failure is not a consequence of these hema- 
tologic abnormalities. These abnormalities, although 
of great theoretical interest, have not caused us to vary 
our operative treatment of abdominal aortic aneurysms. 
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Chylous Ascites Following Abdominal Aortic 


Aneurysmectomy 


Management With Total Parenteral Hyperalimentation 


ALBERT H. MEINKE, Ill, M.D., NORMAN C. ESTES, M.D., CALVIN B. ERNST, M.D. 


Chylous ascites may follow operative injury to retroperitoneal 
lymphatics. When possible, early reoperation has been ad- 
vised. This report describes a patient with chylous ascites fol- 
lowing emergency abdominal aortic aneurysmectomy. Because 
the patient was not a candidate for reoperation, total 
parenteral hyperalimentation was employed in management. 
This approach resulted in a successful outcome. 


HYLOUS ASCITES IS A RARE clinical entity which, 
C in adults, is most commonly due to malignancy 
or inflammation, and in children may result from 
congenital malformation of abdominal lymphatics. 
Blunt abdominal trauma has accounted for a few cases, 
but chylous ascites as a surgical complication has 


three?^** were noted following operation on the ab- 
dominal aorta. A fourth case of chylous ascites, the 
first following emergency abdominal aortic aneurys- 
mectomy and the first managed non-operatively with 
total parenteral hyperalimentation, is the subject of 
this report. 


Case Report 


A 65-year-old man underwent emergency aortic reconstruction 
for a ruptured abdominal aortic aneurysm. During operation, 
dilated periaortic lymphatic channels were noted, and at least one 
recognized lymphatic leak was sutured. The procedure was com- 
plicated by cardiac arrest with ventricular fibrillation from which 
the patient was successfully resuscitated. 

Bloody diarrhea on the first post-operative day prompted 
colonoscopy. Severe ischemic colitis was noted 5 cm from the anus. 
Left colectomy, transverse colostomy, and Hartman's pouch were 
required for management. One day following colectomy, the ab- 
domen was noted to be distended. Progressive distention plateaued 
three days later but bowel function. returned promptly. Upper 
gastrointestinal x-ray study, intravenous pyelography. and retro- 
grade urograms were normal. 
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Thirteen days following colectomy, dark, odorless, nonpurulent 
fluid, consistent with blood-stained ascites, was recovered on 
diagnostic paracentesis. Since the patient complained of inter- 
mittent dyspnea, fluid restriction and diuretic therapy were in- 
stituted. Gradual weight loss, decrease in abdominal tenseness and 
relief of dyspnea followed. He was discharged one week later. 

Approximately 6 weeks following aneurysmectomy, the patient 
was readmitted complaining of weakness, dyspnea and abdominal 
distention. Vague, diffuse tenderness and a fluid wave were noted 
on abdominal examination. On paracentesis, white, greasy fluid 
consistent with chyle was obtained. Removal of 11 of this fluid 
eliminated dyspnea. 

In view of the colostomy, and possible graft sepsis should 
peritoneal fluid become infected, non-operative management of 
the ascites was instituted. A low fat, high protein diet proved in- 
effective. Because of wasting, weakness, and persistent ascites, 
total parenteral hyperalimentation was begun. There followed 
noticeable decrease in abdominal tenseness and tenderness. 
Paracentesis reconfirmed chylous ascites two and one half weeks 
later. Ten per cent lipid emulsion was added to the parenteral 
hyperalimentation regimen. Subsequently, the patient improved. Six 
weeks following admission, after weight and girth had been stable 
for 12 days, therapeutic paracentesis yielded 5 | of chyle. Parenteral 
nutrition was continued for seven more days with weight gain of 1 
kilogram and no increase in girth. A low fat diet was begun and was 
well toleraged. He was discharged seven weeks following 
admission. 

During follow-up, increase in muscle mass and strength and an 
improved feeling of well being were evident. Abdominal fluid did 
not reaccumulate. 

Composition of the ascitic fluid varied slightly from each para- 
centesis (Table 1). Fluid samples of each of the last three taps were 
opaque, greasy and separated into at least two layers upon standing. 
Sudan IH stain documented fat globules in sample three. A portion 
of sample three was kept in a nonsterile test tube at room tem- 
perature for 90 days with no evidence of putrifacuon. Electrolyte 
composition of the fluid approximated that of serum. White cells 
were all lymphocytes or monocytes. All cultures were sterile. 
Protein content in all samples was at least 1 g/d] lower than serum. 

Ascitic fluid sample four, obtained after 38 days of parenteral 
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TABLE l. Nature of Ascitic Fluid 








Sample | H iH IV 
Date 3/17 4/16 5/4 5/30 
Specific gravity 1.054 1.040 1.032 
RBC/mm? Degraded 2340 340 
WBCimm' 7 460 700 
Amylase (Dye Units) 180 

179 

Protein (g/dl) 35.0 5.6 6.1 
Cholesterol (mg/dl) 143 130 
Triglycerides (mg/dl) 424 140 





hyperalimentation, had a markedly smaller creamy separation 
layer than did sample three, which was obtained after 12 days of 
hyperalimentation. This qualitative observation was confirmed by 
laboratory analysis of cholesterol and triglycerides in each 
sample (Table 1). 


Discussion 


Diagnosis of chylous ascites is almost never made 
without paracentesis and examination of the fluid. 
Casual recognition of milky fluid does not establish 
the diagnosis because certain effusions, particularly 
those associated with carcinomatosis, may contain 
large numbers of desquamated cells which cause the 
milky appearance. Such fluid is termed chyliform. 

Irue chylous ascites is not only milky in appear- 
ance, but separates into layers upon standing. It may 
be odorless or have the odor of digested food. Specific 
gravity exceeds 1.012, and total solids measure greater 
than 4%. There is a high fat content, highest in any 
body fluid, ranging from 0.4 to 4.0 g/dl. Total protein 
exceeds 3 g/dl. The fluid is alkaline, sterile, and resists 
putrifaction. Fat globules may be noted microscopically 
when stained with Sudan III." 

Composition of chyle and volume of flow both de- 
pend on diet.^!?^'* Normal lymph flow through the 
thoracic duct averages 1.0 ml/kg/hr and may increase 
to 200 ml/kg/hr following ingestion of a fatty meal. 
Long chained triglycerides are absorbed into the 
intestinal lymphatics and transported in the thoracic 
duct to the venous system. Fatty acid composition of 
these triglycerides is the same as dietary fat. Medium- 
chained triglycerides are absorbed as fatty acids 
directly into the portal venous system, bypassing 
intestinal lymphatics. Therefore, medium-chained 
triglyceride intake results in less chyle production 
than a diet rich in long-chained triglycerides.” 

Chylous ascites may result from a fistula between 
abdominal lymphatics and the abdominal cavity. Thus, 
obstruction of the cysterna chili or the thoracic duct, 
or injury to visceral lymphatics, may cause chylous 
ascites. That chylous ascites is due to lymph fistula 
is further supported by lymphangiography. Following 
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study using oil-base contrast material, ascites worens 
as long as the contrast remains in the lymph system. 
Oil-bast contrast material causes physiologic obstruc- 
tion to lymph flow, increasing flow through the 
fistula.*'" Commonest causes of chylous ascites in 
adults are lymphomas and other malignancies, and in 
children, congenital lesions of the visceral lymphatics. 
In both age groups, infectious processes such as 
tuberculosis and filariasis are also frequent. However, 
in some cases, no etiology is apparent.*!!- 

The clinical picture of a patient with chylous ascites 
reflects a fistulous etiology. Fluid may accumulate 
rapidly, especially after ingestion of a fatty meal. 
symptoms of abdominal distention, dyspnea being 
particularly common, occur. Nausea and vague ab- 
dominal pain have been described associated with 
chylous peritonitis. The major problem is inanition 
resulting from nonassimilation of ingested foodstuffs. 
Loss of nutrients is exacerbated by repeated 
paracentesis. 

Prognosis for patients with chylous ascites depends 
mainly on etiology. Those with lymphomas or other 
malignancies fare poorly, as do children with con- 
genital lesions. Outcome among patients with in- 
flammatory conditions ts good, if the infectious process 
is successfully treated. Patients with idiopathic chylous 
ascites do reasonably well following diagnostic 
celiotomy.'? Vasko and Tapper reported the mortality 
of chylous ascites and its associated diseases to 
be 43%," 

In contrast, postoperative chylous ascites carries a 
good prognosis. All 14 reported cases did well.?-*9-5. 1417 
Postoperative chylous ascites may be managed 
operatively or non-operatively. Those favoring early 
reoperation note that the lymphatic fistula may be 
easily identified and ligated or clipped, affording im- 
mediate relief of symptoms and avoiding nutritional 
complications.?5? The debilitated conditions of some 
patients may preclude reoperation. Lymphatic fistulae 
wil! heal without reoperation, but may require several 
months time.* Nutritional maintenance of such patients 
is mandatory while healing takes place. Paracentesis, 
with intravenous replacement of the chyle has been 
reported.®!! Anaphylaxis, septic shock or fat embolism 
may follow such treatment, however.® Furthermore, 
this method does not reduce flow through the fistula. 

To enhance spontaneous fistula closure, chyle pro- 
duction and flow must be decreased. A regimen of a 
low fat, high protein diet, and paracentesis for symp- 
tomatic relief of dyspnea has been successful.?4 7 1*7 
Physiologic bypassing ofthe intestinal lymph system by 
substitution of medium-chained triglycerides for dietary 
fat has proved valuable.?.!?-!5 

With the advent of parenteral hyperalimentation, 
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— another alternative for decreasing chyle production 
... became available.'? Nutritional support by parenteral 
hyperalimentation is applicable to all patients, par- 
ticularly those who cannot eat because of nausea, mal- 
nutrition, or the exacerbation of ascites by any diet. 
< Indeed, the patient reported herein was unable to 
tolerate an oral regimen, due to dyspnea and chronic 
-. nausea. Furthermore, risk of reoperation was formi- 
.— dable because of previous ventricular fibrillation and 
potential contamination of the aortic prosthesis from 
the colostomy. Therefore, oral intake was completely 
stopped and total caloric intake supplied intravenously. 
Decrease in abdominal tenseness and tenderness and 
nausea followed. Nutritional status slowly improved, 
with reversal of wasting, increase in strength and 
improvement in mental attitude. Ascitic fluid fat con- 
. tent decreased. Failure of ascites to reaccumulate after 
>- the final therapeutic paracentesis, and after the re- 
.. sumption of oral intake, documented fistula healing. 
— .. This successful experience suggests the following 
strategy for management of postoperative chylous 
ascites: 





1. If the patient is a suitable candidate for reopera- 
tion, proceed early with an attempt to ligate the 
fistula to avoid later malnutritional consequences. 

2. If reoperation fails, or if the patient is not a 
suitable operative candidate, a low fat diet, or a 
diet with isocaloric substitution of medium- 
chained triglycerides for regular fats may be tried. 
Therapeutic paracentesis may be required. 

3. If the patient is not an operative candidate and 
is unable to maintain satisfactory nutrition on 
diet alone, or if required therapeutic paracenteses 
produce further nutritional depletion, all oral in- 
take should cease and total parenteral hyper- 
alimentation should be instituted. 
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Venous Capacitance and Outflow in the 


Postoperative Patient 


A. 
E. 


Venous capacitance and outflow were measured in a series of 
. 50 unselected patients undergoing a variety of general surgical 
< procedures. Studies done prior to operation and the morning 
after demonstrated a fall in capacitance and outflow that was 
related to the degree of ambulation. Fully ambulatory pa- 
`> tients demonstrated no changes. Males under the age of 40 
- were unchanged regardiess of the type of operation or degree 
^. of ambulation. It is likely that the observed changes reflected 
a reduction in arterial flow but alterations in venous tone 
cannot be ruled out. 


LINCE 1856 WHEN VIRCHOW postulated that hyper- 
S coagulability, intimal damage and stasis were the 
factors which predisposed to the development of 
venous thrombosis, attempts have been made to eval- 
uate the role of each element in the genesis of this 
common postoperative complication. It has only been 
recently that an analogue of human venous thrombosis 
has been reproduced in an animal model by Stewart? 
simulating both the conditions of hypercoagulability 
and stasis. From the evidence available, it appears 
that all three of the triad act synergistically to pro- 
duce the chain of events whose end point is venous 
thrombosis. 

Some of the major difficulties involved in the in- 
vestigational efforts in this field are related to the prob- 
lem of precisely defining in scientific terms the mean- 
ing of such words as stasis. Physicians commonly 


use this term to describe a change in venous hemody- 


namics, particularly in the postoperative period, but 
its precise meaning in rheological terms has not been 
defined. While there is clear evidence that flow in the 
venous system is dramatically influenced by the activ- 
ity of the calf muscle pump, those factors which may 
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influence venous hemodynamics during a period of 
bedrest combined with the stress of operation have 
not been investigated. 

To examine some of the changes in venous hemody- 
namics which occur following surgery. venous 
capacitance and venous outflow were measured in a 
series of unselected patients prior to general surgical 
procedures and in the immediate postoperative period. 


Materials and Methods 


There were 50 patients evaluated in the study. The 
patients were subdivided into three groups depending 
upon the degree of ambulation that occurred at the time 
of the postoperative study: Group I —there were 36 pa- 
tients (70 limbs) who had remained at complete bed 
rest. The age range was 16 to 78 with a mean of 44.6 
years; Group IIA —there were five patients (10 limbs) 
who walked only briefly prior to the post-operative 
evaluation; Group IIB — nine patients (16 limbs) were 
fully ambulatory at the time of the postoperative 
examination. The age range for Groups IIA and IIB was 
19 to 73 with a mean age of 46.9 years. 

Each patient was studied on the evening of admission 
for the elective procedure to be done the following day. 
No examinations were repeated the day of operation; 
however, they were repeated in the morning of the first 
postoperative day. No attempt was made to confine the 
patient to bed against the wishes of either the subject or 
the primary surgeon. The types of operative procedures 
performed on the patients in the two groups are shown 
in Table 1. 

A mercury in silastic strain gauge plethysmograph* was 
utilized for the studies. This instrument is portable so 
that all measurements were made at the patient's bed- 


* Medimatic SP-2 mercury strain gauge plethysmograph, Irvine, 
CA. 


0003-4932/79/1100/0634 $00.70 © J. B. Lippincott Company 


634 


Vol. 190 e No. 5 


TABLE 1. Operations Performed on the Patients 
Groups 
Procedure I I] IA 


Cervicodorsal sympathectomy | 

Mastectomy 2 

Colectomy 4 

Femoropopliteal bypass | 

Axillofemoral bypass | l 
Breast biopsy 
Exploratory laparotomy 
Radial neck dissection 
Thyroidectomy 
Lobectomy 

Inguinal hernia repair 
Umbilical hernia repair | 
Carotid endarterectomy l 
Hemorrhoidectomy 2 
Splenectomy l 
Nephrectomy l 
Ligation and stripping varicose veins | 
Parathyroidectomy | 
Excision of melanoma 

Cholecystectomy l 


| 
l 
Total 36 5 9 


side. The protocol employed was as follows: 1) the 
strain gauge was placed around the calf at the point of 
maximum circumference; 2) 22 cm contoured, tapered 
thigh cuffs were applied; 3) the foot of the bed was 
elevated and leveled; 4) the calf was elevated off the 
bed surface by foam rubber pads on the heel and thigh 
to bring the total heel elevation to 27 cm from the 
horizontal; 5) the thigh cuff was inflated to 55 mmHg 
for two minutes and then rapidly deflated. Two tests 
were done separately on each leg. 

The change in calf volume with two minutes of cuff 
inflation was measured as the venous capacitance (VC) 
and expressed in cc/100 cc tissue. The rate of venous 
emptying with cuff deflation was calculated at one-half 
(VO), one (VO,), and two (VO,) seconds. This was 
expressed in cc/100 cc tissue/min. With the system 
employed, calibration was done electronically and 
shown to be comparable to the method described by 
Hokanson et al.” 


Results 


Preoperative and postoperative mean VC in all three 
groups is shown in Figure 1. The postoperative reduc- 
tion in capacitance was statistically significant in 
Groups I and IIA but no significant change was de- 
monstrable in the fully ambulatory patients (Group IIB). 
The decrease in mean VO,,, was significant in Groups 
I and IIA but not in Group IIB (Fig. 2). A similar pat- 
tern was noted in VO, and VO,. Preoperative mean 
VO, for Group I was 57.26 + 2.52 which decreased to 
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Fic. 1. Preoperative and postoperative mean venous capacitance 
after two minutes of thigh cuff occlusion in limbs which were com- 
pletely at bed rest (Group I: preop—2.96 + 0.10, postop—2.17 
+ 0.10), minimally ambulatory (Group IIA: preop—3.32 + 0.42, 
postop—2.10 + 0.31), and fully ambulatory (Group IIB: preop— 
2.81 + 0.17, postop—2.49 + 0.18). Figures are mean + S.E.M. 


43.39 + 2.00 postoperatively (p < 0.001), while mean 
VO, decreased from 45.13 + 1.79 to 34.07 + 1.60 
(p « 0.001). In Group IIA the mean preoperative VO, 
of 63.76 + 8.05 decreased to a mean of 39.13 + 5.97 
postoperatively (p < 0.025), while the corresponding 
figures for mean VO, were 51.87 + 6.52 preoperatively 
and 31.57 + 4.43 postoperatively (p < 0.025). No sig- 
nificant postoperative change in mean VO, or VO, was 





H^. 
80 Post op 
(P<0.025) (P>0.4) 
70 (P<< 0.001) 
A 
60 p 
50 
VOUS 
eei : 
30 ^ 
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20 ] 
^ 
lo ^ 
Group I Group I A Group II B 
(n=70) (n=10) (n=16) 


Fic. 2. Preoperative and postoperative mean venous outflow at one- 
half second in limbs completely at bed rest (Group I: preop— 66.17 
+ 3.11, postop— 49.67 + 2.29), minimally ambulatory (Group IIA: 
preop— 72.05 + 8.52, postop— 45.97 + 6.26), and fully ambulatory 
(Group IIB: preop—70.54 + 6.16, postop— 63.89 + 7.41). Figures 
are mean + S.E.M. 
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TABLE 2. Preoperative and Postoperative Venous Capacitance (VC) and Venous Outflow (VO) in Males 





Age > 40(N = 16) Age < 40 (N = 16) 





Preop Postop Preop Postop 
Ic" 2.74 + 0.15 1.77 + 0.14 (p < 0.001) 3.18 + 0.16 3.02 + 0.23 (NS) 
VO, 27 54.35 + 3.40 39.95 + 3.88 (p < 0.01) 70.15 + 5.68 64.50 + 5.22 (NS) 
VO,7 49.30 + 2.86 35.86 + 3.59 (p < 0.01) 60.48 + 4.04 57.58 + 16.24 (NS) 
VO.7 40.25 + 2.25 28.55 + 2.81 (p < 0.005) 47.58 + 2.85 46.06 + 3.17 (NS) 





All figures are mean + standard error of mean. 
* VC in cc/100 cc tissue in 2 minutes. 


noted in fully ambulatory patients. VO, decreased from 
59.92 + 4.93 to 55.66 + 5.80 (p 0.5) and VO, de- 
creased from 45.74 + 3.24 to 41.64 + 3.96 (p = 0.4) in 
this group. 

When Group I is separated according to age and 
sex (Tables 2 and 3), it is evident that significant de- 
creases in VC and VO were seen only in males over 
40 years of age. Age did not affect the results in females. 
No significant decrease was demonstrable in males 
under the age of 40. Changes in VC and VO were not 
related to the magnitude of the operative procedures 
or to the type of anesthesia. 


Discussion 


The results of this study demonstrated quite con- 
clusively that operation followed by one day at bed 
rest consistently reduced venous capacitance and 
venous outflows except in males under the age of 40. 
Also, it appears that ambulation tends to prevent these 


changes from occurring. This study raises some very 


important considerations relative to the mechanisms 
involved and their relationship to the problem of the 
occurrence of deep venous thrombosis. While it is 
tempting to attribute the observed changes to altera- 
tions in venous tone, the situation is extremely com- 
plex and involves arterial inflow as well. Clearly, 
operation activates the sympathoadrenal system and 
it may be that the observed changes in some way merely 
reflect either an increase in sympathetic outflow or 
higher than normal catecholamine levels. 

It is important to first deal with that volume change 
the strain gauge is actually measuring. It is not feasible 
to differentiate between changes in volume between the 


t VO in cc/100 cc tissue per minute. 


veins of the skin and inter- and intramuscular veins. 
Thus, it is possible that the postoperative changes may 
simply reflect an increase in the tone of the cutaneous 
veins which are much more sensitive to an increase in 
sympathetic outflow. The limb volume changes that 
occur in response to tilting noted by Ludbrook and 
Loughlin‘ do not appear to support this concept. They 
noted that the calf volume changes were nearly iden- 
tical even after cutaneous epinephrine iontophoresis 
and injection around the saphenous veins in the calf. 
Thus, it is likely that the major portion of the volume 
change is likley to be in those veins beneath the deep 
fascia. 

With the leg elevated, the veins of the limb should 
be nearly collapsed unless there is a change in the 
pressure gradient between the calf and right heart 
which appears to be extremely unlikely in this patient 
population. Because of this fact, it was presumed that 
the venous volume of the calf prior to cuff inflation 
was quite likely to also be the same, with the capacitance 
and flow studies reflecting a change in venous tone. 
If the venous wall were to become less responsive to 
an increase in the volume load provided by cuff oc- 
clusion, it might be expected that the capacitance 
change would be greater, particularly if arterial flow 
remained stable before and after operation. The rate 
of venous emptying could under these circumstances 
remain the same or decrease depending to what degree 
the smooth muscle ofthe vein wall actively participated 
in this phenomenon. 

It is well established that in the low pressure ranges, 
veins act like passive tubes and will accommodate large 
increases in volume with only a slight rise in pressure. 


TABLE 3. Preoperative and Postoperative Venous Capacitance (VC) and Venous Outflow (VO) in Females 


Age > 40 (N = 24) 


Age — 40 (N = 14) 


Preop Postop Preop Postop 
vC" 2.75 + 0.20 1.77 + 0.12 (p < 0.001) 3.30 + 0.22 2,33 = 0.15 (p. < 0.005) 
VO, pt 64.47 + 7.13 41.82 + 2.82 (p = 0.005) 78.06 + 4.41 57.27 + 4.42 (p < 0.005) 
VO,t* 54.42 + 5.90 35.64 + 2.62 (p < 0.01) 67.52 + 3.87 49.40 + 3.85 (p < 0.005) 
VO;t 41.85 + 4.03 27.75 + 2.20 (p < 0.005) 53.52 + 3.00 37.48 + 2.82 (p < 0.001) 


All figures are mean + standard error of mean. 
* VC in cc/100 cc tissue in 2 minutes. 


t VO in cc/100 cc tissue per minute. 
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TABLE 4. Capaciiance Changes at 30 Seconds and One Minute During the Phase of Venous Filling 





30 Seconds One Minute 
Groups Preop Postop Preop Postop 

I 

Males < 40 1.40 + 0.11* 1.35 = 0.12 (N5) 224-2 0.15 2.14 + 0.18 (NS) 

Males > 40 1.06 + 0.08 0.69 + 0.06 (p < 0.001) 1.87 + 0.14 1.15 + 0.09 (p < 0.001) 

Females < 40 1.85 + 0.24 1.30 + 0.08 (p < 0.05) 2.54 + 0.26 1.80 + 0.09 (p < 0.05) 

Females > 40 1,39 + 0.12 0.87 + 0.07 (p < 0.001) 1.98 + 0.15 1.27 + 0.10 (p « 0.001) 
IA 1.57 = 0.18 0.87 + 0.16 (p < 0.01) 2.33 2 0,31 1.39 + 0.22 (p < 0.01) 
IIB 1.55 = 0.14 1.35 + 0.14 (NS) 2.24 & 0.16 1.95 + 0.16 (NS) 


* Standard Error of the Mean. 


Clearly, the maximum pressure used (55 mmHg) would 
be in an intermediate range and would not be expected 
to result in maximal venous filling comparable to that 
which occurs with the patient upright. If venous tone 
were to increase, it is conceivable that the volume 
which they might accommodate at the same pressure 
could be reduced. What effect this might have on the 
rate of venous outflow is uncertain. 

The effect of exercise in facilitating venous return 
occurs by the activation of :he calf muscle and ab- 
dominothoracic pump as well as an increase in venous 
wall tension. According to Webb-Peploe and Shep- 
herd,? this increase in venous wall tension occurs in a 
major portion of the systemic postcapillary bed. If the 
opposite were to occur with bed rest, the veins pre- 
sumably would hold more blood at the same pressures 
and at least the capacitance might be expected to in- 
crease which did not occur in this study. 

Another possible explanation for the findings is that 
arterial flow may have decreased so that with the time 
of venous occlusion remaining constant, the volume 
change over the two minutes might be reduced on this 
basis alone. Browse! examined calf blood flow in 45 
patients undergoing routine surgical operations. A fall 
in calf blood flow occurred after operation in 75 per- 
cent of the patients and was either immediate (in 55%) 
or gradual (in 22%). The average decrease was 47% 
and lasted approximately eight days. However, 
Browse! was unable to demonstrate any effect of 
ambulation on this decrease in calf blood flow. 

While it would have been possible to simultaneously 
measure calf blood flow and the capacitance and 
venous outflows, this was not done because we thought 
it would not be a major factor. However, it was pos- 
sible to reanalyze the data assessing the amount of calf 
volume increase at 30 seconds and one minute follow- 
ing cuff inflation. These data are shown in Table 4 and 
certainly suggest that the volume change during the 
filling phase was not as rapid as that which occurred 
prior to operation. In fact, as shown these changes 
match identically the results by patient groups as noted 
in Tables 2 and 3. 


Thus, it appears likely that the changes we observed 
were in part at least explainable by a reduction in 
arterial blood flow. This would in effect be consistent 
with the observations by Browse except that he was 
unable to demonstrate that ambulation had any effect 
on this phenomenon which was clearly not the case in 
our study. Browse? also showed that this response was 
not observed in patients on bedrest who did not undergo 
operation. In addition, the duration of bedrest did not 
have any effect on the calf blood flow in the nonsurgical 
patient. 

Browse! concluded that since ambulation had no in- 
fluence on the reduction in resting calf blood flow in 
the postoperative period that it was not likely to be 
of any benefit in the prevention of deep vein throm- 
bosis. This is certainly contrary to the commonly held 
belief and practice of most surgeons. Also, our data 
show a very pronounced effect of ambulation which 
would tend to support the opposite view. 

One of the limitations of this study was that it eval- 
uated patients only in the first 24 hours after opera- 
tion. Ideally, this type of study should be done for 
longer periods of time in conjunction with methods of 
detecting venous thrombosis such as with '*°I labeled 
fibrinogen to determine if there was any relationship 
between its incidence and the observed hemodynamic 
changes. Unfortunately, the resources or personnel 
were not available to conduct a study on this type. 
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Portal Hypertension Secondary to Choledochal Cyst 


LESTER W. MARTIN, M.D., GEORGE A. ROWE, M.D. 


Two patients with portal hypertension secondary to chole- 
dochal cyst are reported and combined with four others pre- 
viously reported in the literature. Choledochal cysts may, by 
extrensic compression, cause partial or complete portal vein 
obstruction, portal hypertension and esophageal varices. 
Needle biopsy of the liver is probably not a reliable means 
of differentiatitig choledochal cyst from other intrahepatic 
causes of portal hypertension. Internal drainage of the 
choledochal cyst has been performed in four patients and in 
each instance resulted in satisfactory portal decompression. 


ORTAL HYPERTENSION as a complication of cho- 

ledochal cyst has been documented in four of 
more than 650 previously reported cases of choledochal 
cyst.'^^* The etiology of the portal hypertension in 
each instance was not readily apparent and often led 
to delay in arriving at the complete diagnosis. Dur- 
ing the past ten years, two of the eight children ad- 
mitted to our hospital with choledochal cyst were found 
to have associated portal hypertension. Our ex- 
perience combined with that previously reported sug- 
gests significant conclusions regarding both diag- 
nosis and management. 


Case Material 


Case 1. An eight month old girl was admitted to Children's 
Hospital on October 5, 1963. The infant was born prematurely 
weighing 1700 grams. A transient hyperbilirubinemia occurred in 
the neonatal period. At two months of age a percutaneous liver 
biopsy was obtained because of icterus and hepatosplenomegaly 
and demonstrated active cirrhosis with bile stasis. Physical 
examination revealed slight icterus with hepatosplenomegaly and a 
prominent venous pattern over the anterior chest and upper 
abdomen. Laboratory studies revealed: hemoglobin 8.5 g/100 cc; 
white blood cells 6,100; total serum bilirubin 3 mg/dl; serum 
alkaline phosphatase 27 Bodansky units; SGOT 165 units; SGPT 
85 units; prothrombin time 100%; urinalysis bile positive. A 
barium esophagram was normal. 


Course 


For suspected biliary atresia an exploratory laparotomy was 
recommended but consent for operation was refused by the 
infants parents. A percutaneous liver biopsy demonstrated 
"postnecrotic cirrhosis." The infant had massive gastrointestinal 
bleeding at 14 months of age which stopped spontaneously. The 
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infant died at 17 months of age with massive ascites and respiratory 
distress. Autopsy examination disclosed a cirrhotic liver and a 
choledochal cyst measuring 10 x 13 x 15 cm, compressing the portal 
vein and with changes consistent with portal hypertension. 

Case 2. A 14-year-old girl was referred to Children's Hospital 
March 3, 1969, because of massive hematemesis and an enlarging 
abdomen of two years duration. A barium esophagram obtained 
elsewhere suggested esophageal varices. Physical examination 
revealed a healthy teenage girl with splenomegaly. Laboratory 
studies were: hemoglobin 11.5 g/100 cc; white blood cells 3,100; 
platelet count 61,000; prothrombin time 100%; total serum bilirubin 
1.6 mg/dl; serum alkaline phosphatase 6.8 Bodansky units; SGOT 
72 units; SGPT 58 units; total serum protein 6.3 g/100 cc; serum 
globulin 2.6 g/100 cc; serum albumin 3.7 g/cc. 


Course 


A percutaneous splenoportogram demonstrated esophageal 
varices with no filling of the portal vein. The splenic pulp pres- 
sure measured 490 mm water. At operation a choledochal cyst 
measuring 15 cm in diameter and containing 1.5] of bile was en- 
countered. It obstructed the portal vein by extrensic compression. 
A Roux-en-Y choledochocystojejunostomy was performed. An 
operative portoportogram following decompression of the chole- 
dochal cyst revealed a patent portal vein and portal pressure of 
340 mm water. One month later the white blood count and platelet 
count had returned to normal. Four years following operation the 
patient was free of symptoms with normal hemogram and physical 
examination reported as normal by the family physician. 

The cases previously recorded in the literature are summarized 
in Table 1. 

Case 3. A 2-year-old girl with jaundice, acholic stools and 
hepatosplenomegaly had a splenectomy for bleeding esophageal 
varices. Because of recurrent gastrointestinal bleeding, ab- 
dominal exploration a month later revealed a large choledochal cyst 
and a choledochocystojejunostomy was performed. Three years 
later no varices could be found.* 

Case 4. A 5-year-old girl with epistaxis, jaundice and hepato- 
splenomegaly had a liver biopsy which was diagnosed as a malig- 
nant cholangioma. Seven years later, an exploratory laparotomy 
for massive gastrointestinal bleeding revealed a large choledochal 
cyst and a choledochocystojejunostomy was done. Ten months later 
no varices were demonstrated.* 

Case 5. A 5!2-year-old girl with massive gastrointestinal bleed- 
ing from esophageal varices had a venous splenorenal shunt 
carried out. The expected fall in portal venous pressure did not 
occur following this procedure. On further exploration of the ab- 
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TABLE l. Choledochal Cyst with Portal Hypertension 





Authors Age Sex Operation Result Follow-up 
SECS eee ee ne eee 
Gillis & Sargent 2 yr Female Choledochocystjejunostomy Recovered 3 yr 
Gillis & Sargent 5 yr Female Choledochocystjejunostomy Recovered 10 mo 
Fonkalsrud & Boles 5⁄2 yr Female Splenorenal Shunt and Choledochocystjejunostomy Recovered | yr 
Duckett, Erachlis, Longino 6 yr Female None Died 
Martin & Rowe 8 mo Female None — refused by parents Died 
Martin & Rowe 2 yr Female Choledochocystjejunostomy Recovered 3 yr 
Martin & Rowe 14 yr Female Choledochocystjejunostomy Recovered 4 yr 


-_—_—— aaa II aaaea 


domen, a choledochal cyst was found and a choledochocysto- 
jejunostomy was performed with an immediate fall in portal pres- 
sure. One year later esophageal varices were not demonstrated." 

Case 6. A 6-year-old girl was admitted with ascites and massive 
upper gastrointestinal bleeding. An erroneous diagnosis of malig- 
nant tumor was made on the basis of a smear of ascitic fluid and 
radiotherapy was administered. The child later died and postmortem 
examination revealed a large choledochal cyst without evidence of 
malignancy.” 


Discussion 


A choledochal cyst is classically associated with the 
triad of jaundice, abdominal mass, and pain. As em- 
phasized by previous authors,?* however, pain is a late 
and inconsistent finding. Since four of the six children 
presented with gastrointestinal bleeding, this symptom 
should be added to the list of presenting complaints of 
choledochal cyst. 

Two mechanisms have been proposed by which a 
choledochal cyst may lead to portal hypertension: by 
direct compression of the portal vein; or, by extra- 
hepatic biliary obstruction with the subsequent de- 
velopment of biliary cirrhosis leading to portal hyper- 
tension.* It would appear from our experience that 
direct compression of the portal vein is the most 
common mechanism. 

Choledochal cyst as a cause of portal hypertension, 
albeit rare, should be considered a possibility in all 
instances of bleeding esophageal varices. A careful 
roentgenographic contrast study of the duodenum will 
generally demonstrate displacement and compression 
of the duodenum. In the absence of clinical jaundice, 
the choledochal cyst itself may be demonstrated by 
contrast media administered orally or intravenously. 
In the event of jaundice, transhepatic cholangiography 
has been suggested but was not employed in any of 
our patients. 


In three of the six patients, needle biopsy of the 
liver was performed. In each instance, the findings were 
sufficiently varied and unusual as to lead to a misleading 
diagnosis even when interpreted by nationally recog- 
nized authorities in pediatric pathology. 

Our experience combined with that of others 
indicates that successful decompression of the cho- 
ledochal cyst affords satisfactory relief of the portal 
hypertension in that it was successful in all four pa- 
tients in which it was performed. The creation of a 
portal-systemic shunt has not been necessary. Meas- 
urement of portal pressure both before and after de- 
compression of the choledochal cyst and a before and 
after portoportogram afforded reliable and docu- 
mentary evidence of adequate portal decompression. 
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Cystosarcoma Phylloides 


A Steroid Receptor and Ultrastructure Analysis 


G. H. 
K. S. MCCARTY, JR.* 


Six cases of cystosarcoma phylloides were evaluated by ultra- 
structure and steroid receptor analysis. Electron microscopy 
of the lesions supported previous reports of a heterogeneous 
tumor consisting of pleomorphic mesenchyme and normal or 
proliferative epithelium. In each case estrogen and pro- 
gesterone receptor analysis indicated the presence of a 
nonsaturable estrogen and progesterone 4S binding protein 
rather than a specific steroid receptor as suggested by previous 
studies. 


YSTOSARCOMA PHYLLOIDES is àn uncommon 

fibroepithelial lesion which constitutes 0.5% of 
breast tumors." While surgical extirpation is often 
effective therapy for this lesion,!®!7 local recurrence is 
not unusual. Effective treatment for metastasizing 
cystosarcoma phylloides has not yet been described. 
Cystosarcomas have been classified histologically as 
malignant in up to 2746 of cases. In 1246 of cystosar- 
comas, extensive invasion of adjacent tissues or 
metastasis are observed.” 

Clinical treatment of multiple recurrent or metastasiz- 
ing cystosarcoma has included surgical management, 
chemotherapy, radiotherapy, and hormonal manipula- 
tion.**5 While short-term remission has been described 
in one patient treated with Endoxan,? no other 
convincing reports of objective response to systemic 
therapy have been made. The suggestion of Rao" that 
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selected cystosarcoma phylloides tumors might dem- 
onstrate hormonal responsiveness has prompted us to 
prospectively examine six cases of cystosarcoma for 
their steroid hormone receptor content. 


Materials and Methods 


Immediately upon tumor resection, the specimens 
were placed at 4? and representative areas were taken 
for electron microscopy and receptor analysis. The 
remaining tissue was sectioned at 3 mm intervals and 
fixed in 0.1M phosphate buffered 4% formalin (pH 7.2). 

The EM specimens were minced into 0.5 mm? pieces 
and fixed in 4% glutaraldehyde, .1 M cacodylate buffer 
(pH 7.4) for four hours. After postfixation in a 2% 
OsO,, .1M collodine solution at 4° for 60 minutes, de- 
hydration was accomplished in serial alcohols ending 


TABLE |. Patient Characteristics 








Pa- Tumor Tumor Histologic 
tient Age Status Location Grade 
7 AS 53 Metastatic R. breast, chest, IH 
lung 
2 ED 58 | Primary R. breast I 
3 VP 67 Primary R. breast I 
4 KH 56 Recurrent L. breast, L. II 
axilla 
5 PY 58 Primary L. breast I 
sa PY 59 Metastatic Lung IH 
6 MW 15 Primary R. breast IH 





* A recurrent lesion from patient #5. 
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Fic. 3. Cystosarcoma phylloides histologic grade I. The lesion is 


noted to contain more regular appearing mesench 


(x 100). 


FiG. 2. Cystosarcoma phylloides histologi 


ymal elements 


gic grade II. The pro- 
ypical spindle configura- 


liferative mesenchyme assumes the more t 


tion of the fibroblast (x 100). 
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with propylene oxide. The specimens (a minimum of 
10 blocks/case) were embedded in Epon 812, sectioned 
at a thickness of one micron and stained with methylene 
blue. After initial study, selected blocks were sec- 
tioned at 200—250A. The final sections were stained 
with lead citrate and uranyl acetate, carbon coated 
and examined with an Hitashi Hu-11E electron micro- 
scope at 75Kv. 
The fragments of tissue submitted for receptor analy- 
sis were trimmed of fat and normal breast tissue, 
washed in 5 mM Tris HCl, 5 mM HEPES-HCI, 1.5 mM 
methylenediaminetetracetate. 0.5 mM dithiothreitol, 
pH 7.4 at 4? and quick frozen in liquid nitrogen. 
Cryostat sections for histologic evaluation were pre- 
pared from the specimens for confirmation of the pres- 
ence of cystosarcoma phylloides in the tissue actually 
analyzed. 


Receptor Analyses 


Estrogen and progesterone receptor content of the 
tumors was analyzed using modifications of the 





KESTERSON AND OTHERS 


Ann. Surg. e November 1979 


methods previously described.? The difference be- 
tween receptor levels of fresh tissues and tissues 
frozen in liquid nitrogen has been previously shown 
to be less than 596. The frozen tissues were pul- 
verized in liquid nitrogen using a Spex freezer mill at 
34 power with a stainless steel impeller, for 15 seconds 
(five 3 second cycles). The tissue powder was 
homogenized at a sample to buffer volume 1:4 at 4° 
using a Polytron (setting 3) for 60 seconds (four 15 
second cycles with a 30 second cooling period). Cytosol 
was prepared from the homogenate by centrifugation 
at 1000 g x 10 minutes followed by 145,000 g x 1 hour 
(4°). Endogenous unbound steroid was removed by 
0.75% w/v Norit A in 0.0025% Dextran. The supernatant 
protein content was analyzed by the coomassie dye 
method! and adjusted to 4—6 mg protein/ml. Optimal 
conditions of incubation for quantitation of estrogen 
and progesterone receptor by DCCA (dextran coated 
charcoal assay) and SDGA (sucrose density gradient 
analysis) were determined by methods as described by 
Schrader et al." and were used in incubations as 
described below. 


Fic. 4. Columnar cells 
containing dilated endo- 
plasmic reticulum, glyco- 
gen, basilar nuclei, and 
junctional complexes con- 
sistent with proliferative 
mammary epithelium are 
observed (x 10,500). 
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FiG. SA. Ultrastructure 
of mesenchymal elements, 
cystosarcoma  phylloides. 
The bizarre and varied 
forms of the mesenchymal 
cells are shown; note the 
nuclear pseudoinclusions 
(x21,000). 


Gradient Analyses (SDGA) 


Aliquots of 200 ul of supernatant were incubated 
for four hours at 4? with 1.6 pmoles ?H hexalabelled 
estradiol (New England Nuclear, Specific Activity 152 
curies/mmole; >99% purity confirmed by thin layer 
silica gel chromatography; chloroform:acetone; 70:30 
and formamide paper reverse phase chromatography, 
benzene:chloroform; 4:1 containing 100-fold excess of 
cold testosterone), or were incubated with 3.2 pmoles 
of the progesterone analogue °H R5020 (New Eng- 
land Nuclear, specific activity 86 Curies/mmole; purity 
verified by thin layer chromatography), with 100-fold 
excess of cold cortisol. The effectiveness of the 
progesterone analogue R5020 in demonstrating specific 
progesterone receptors has been previously shown.® 
Parallel control incubations also contained 250-fold 
. excess of cold hormone (estradiol and progesterone 
respectively) in addition to the radioactive hormone. 
. Two hundred microliters were layered on 10-28.5% 
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isokinetic sucrose gradients and centrifuged to an ot 
of 157,417 in an SW60 Beckman rotor at 4? (poly- 
allomer tubes). Fractionation of gradients was by up- 
ward displacement with 75% glycerol into 40 fractions. 
Radioactivity was determined in an LS-4000 Intertech- 
nique liquid scintillation counter set for tritium using 
10 ml Biofluor (New England Nuclear). Counting 
efficiency was determined by external standardization 
used for computer calculations. Sedimentation coef- 
ficients were determined by the use of C! labelled 
bovine serum albumin (4.6S) or y globulin (7S) 
standards. 


Dextran Coated Charcoal Analysis (DCCA) 


The cytosol was diluted to 1-2 mg protein/ml and 
200 ul aliquots incubated for 16 hours at 4° in eight 
Kahn tubes containing from 1.6—0.0125 pmoles estra- 
diol or 3.2-0.025 pmoles R5020 containing 100 fold 
concentration of cold cortisol (for progesterone DCCA) 
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or dihydrotestosterone (for estrogen DCCA). Parallel 
control incubations at each concentration contained 
250-fold excess of cold progesterone or diethylstilbes- 
trol, added immediately prior to the radioactive 
steroid. Nonprotein bound free steroid was removed 
by 0.75% w/v Norit A (dextran treated) and bound 
radioactivity (not removed by the charcoal) de- 
termined. Calculations of Ką (dissociation constant) 
and bound receptor were made by the method of 
Woosley and Muldoon’! and Scatchard'* using an on- 
line LEM computer in an LS-4000 Intertechnique 
liquid scintillation counter. 


Results 


The study group consisted of six female patients 
ranging in age from 15 years to 67 years (Table 1). The 
mean age of the group was 51.2 years. There were four 
primary tumors, one was a locally recurrent tumor 
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Fic. 5B. Mesenchymal 
cell displaying large pleo- 
morphic nuclei with pseu- 
doinclusions, deep invagi- 
nations, and prominent nu- 
cleoli: note also the stromal 
junction (arrow) (x 21,000). 


and one was a metastatic cystosarcoma. One patient's 
tumor was analyzed both as a primary and later as a 
metastatic lesion (Table 1). Using the histologic grad- 
ing criteria of McDivitt,? three tumors were grade 3 
(Fig. 1), one was grade 2 (Fig. 2), and three were 
grade 1 (Fig. 3). 

The ultrastructural features of the various grades 
were consistent with those previously reported.” 
The glandular epithelium, when present, was char- 
acteristic of proliferative mammary epithelium (e.g., 
typical junctional complexes, basilar nuclei with 
prominent nucleoli, microvilli, and apical changes con- 
sistent with normal apocrine epithelium) (Fig. 4). The 
stromal elements constituted the majority of the tumor 
tissue with marked mesenchymal pleomorphism. Many 
varied configurations of mesenchymal elements were 
seen within the same tumor specimen (Fig. 5A). 
Relatively normal fibroblasts with characteristic 
vesicular cytoplasm and typical nuclei were sometimes 
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Fic. 6. Intercellular junc- 
tional complexes are ob- 
served between tumor cells 
(arrows) which resemble 
tight junctions (21,000). 


found adjacent to bizarre stromal cell types with high 
nuclear/cytoplasmic ratios, deeply invaginated nuclei 
with pseudoinclusions and prominent nucleoli (Fig. 
5B). Intercellular junctions were observed connecting 
these anaplastic mesenchymal elements, resembling the 
tight junctions described by Fernandez (Fig. 6).? In 
this study, the primary lesions tended to contain the 
more bizarre stromal forms. The ultrastructure did not 
link the degree of cellular pleomorphism to more ag- 
gressive clinical behavior. 
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Significant levels of nonsaturable estrogen and 
progesterone binding were observed in all tumors 
analyzed by the multiconcentration saturation tech- 
nique (DCCA) and gradient analysis. The binding pro- 
tein sedimented as a 4S band on isokinetic sucrose 
density gradients. This is in accord with the binding 
protein reported by Rao.'? Estrogen binding was ob- 
served with a mean binding of 31.07 fm/mg protein 
with a range of 6.60 fm/mg to 47.39 fm/mg (Table 2). 
The mean progesterone bound was 109.08 fm/mg pro- 
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TABLE 2. Estrogen and Progesterone Binding of Tumor Cytosols 





Estrogen Bound 


Inhibited x 100%7 


Prog. Bound Inhibited x 100% 





Patient Age (fm/mg protein) Uninhibited (fm/mg protein) Uninhibited E/P 
1. AS 53 6.60 -99 59.62 >99 0.11 
2. ED 58 47.39 95 114.79 >99 0.41 
3. VP 67 14.09 99 29.59 »99 0.48 
4. KH 56 33.5] >99 79.63 >99 0.42 
^. PY 58 46.16 99 238.13 >99 0.19 
Str 59 47.80 >99 252.00 98 0.19 
6. MW 15 38.84 :99 132.74 >99 0.29 
mean 51.17 31.07 109.08 0.32 
range 1S — 67 6.6 — 47.39 29.59 — 238.13 0.11 — 0.48 





* A recurrent lesion from patient #5; analyses conducted one 
year after analyses of primary. The data was omitted from compu- 
tation of means and ranges. 

* Per cent of binding observed after preincubation with non- 


tein with a range of 29.59 fm/mg to 238.13 fm/mg 
(Table 2). A ratio of bound estrogen to bound 
progesterone was calculated for each case and yielded 
a mean value of .32 and a range of 0.11—0.48 (Table 2). 
In no case was specific inhibitable estrogen or 
progesterone receptor protein observed. 


Discussion 


Despite the report of a specific progesterone re- 
ceptor in a single case of recurrent cystosarcoma 
phylloides,'? clinical evidence of hormonal responsive- 
ness is lacking." The absence of any reported ex- 
amples of successful hormonal therapy and the report 
of Lester and Stout of recurrent malignant nodules 
remaining unaltered through at least one full term 
pregnancy,! contradict an hypothesis of specific 
steroid hormonal reactivity. 

Assays for estrogen and progesterone binding 
capacity performed on specimens from six patients 
with cystosarcoma phylloides gave similar results. In 
each case, nonsaturable 4S estrogen binding (Fig. 7A) 
was observed despite the presence of excess un- 
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radioactive diethylstilbestrol indicating non-saturability. 
t Per cent of binding observed after preincubation with non- 
radioactive R5020 indicating non-saturability. 


labelled dihydrotestosterone to inhibit testosterone- 
estrogen binding globulin contribution to total binding. 
When parallel analysis ofthe tumor cytosol was carried 
out utilizing radiolabeled R5020 (or progesterone) in 
the presence of excess cortisol a 4S band was also ob- 
served (Fig. 7B). The patterns of binding were similar 
to the estrogen binding assays with the exception of an 
amplified net binding of this progesterone analogue. 
The similar slopes of the inhibited and uninhibited 
gradients confirm the data obtained by the multicon- 
centration saturation analysis which indicated that the 
binding protein is nonsaturable. These observations 
suggest that the observed binding is due to a non- 
specific, nonsaturable steroid binding protein rather 
than a specific progesterone (or estrogen) receptor 
as previously suggested.'^!! Electron microscopy of 
the lesions studied indicate the predominant pro- 
liferative element to be mesenchyme derived cells as 
has been reported by Fernandez? and Toker.'? These 
data taken together suggest a low probability of this 
tumor being responsive to estrogen or progesterone 
manipulation, in agreement with clinical observations 
of cystosarcoma phylloides.°* 


FiG. 7A and B. Estrogen 
and progesterone receptor 
analysis by sucrose den- 
sity gradient technique. This 
pattern of estrogen and 
progesterone binding (Case 
#5) was typical of all six 
cases. There is a distinct 4S 
binding (open circles) which 
is not inhibited by 250-fold 
excess of cold hormone 
(closed circles). Note the 
relatively higher net binding 
of progesterone. No evi- 
dence of saturable steroid 
binding is seen. 
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Long-term Fate of Lung Autografts Charged with Providing 


Total Pulmonary Function 


|. Light and Electron Microscopic Studies 


FRANK J. VEITH, M.D., CHERYL M. MONTEFUSCO, PH.D., SIGURD BLUMCKE, M.D., JACK W. C. HAGSTROM, M.D. 


Two groups of dogs underwent light and electron microscopic 
examination of both lungs up to five years after left lung auto- 
transplantation. In one group of four dogs that had undergone 
ligation of the right pulmonary artery at the time of left lung 
autotransplantation, no generalized or consistent lesions were 
present in the transplant except for slight distension of net 
capillaries and slight capillary basement membrane thickening. 
Aside from these minor changes which were probably of no 
functional significance, most areas of lung examined up to five 
years after transplantation were normal. In the second group 
of four dogs that did not have contralateral pulmonary artery 
ligation at the time of left lung autotransplantation, no con- 
sistent abnormality was present in either the transplanted left 
or nontransplanted right lung. In three animals in this group, 
widespread normal areas were present bilaterally up to five 
years after transplantation. One animal in this group had focal 
changes consistent with chronic pulmonary disease in both of 
its lungs. Thus, transplanted lungs do not necessarily develop 
significant late pathologic lesions. 


ULMONARY FUNCTION is intimately related to lung 
P structure. Accordingly, elucidation of whether or 
not obligatory morphological defects occur in trans- 
planted lungs after many years would be relevant to a 
consideration of their ultimate fate and their ultimate 
potential for providing normal function for the recipient 
into which they are placed. 

Many factors may contribute to late morphological 
changes which occur in transplanted lungs. Among 
these are bronchial and vascular anastomotic defects 
caused by surgical imperfections, ??-5/* infection 
which occurs in the transplanted lung because of de- 
fects in its defense mechanisms or intercurrent disease 
in the experimental animal being studied, ?? or obliga- 
tory changes which are the result ofthe transplantation 
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procedure itself. The latter, which result from late 
effects of unavoidable accompaniments of the trans- 
plantation operation, such as ischemia, denervation or 
lymphatic interruption, are clearly the most important 
since all the others are potentially preventable. These 
obligatory changes could be excluded by studies 
showing the absence of abnormalities, even though 
other investigations have revealed lesions which are 
presumably secondary to some of the preventable 
causes. 

Since human lung transplant recipients will be largely 
dependent on the function of their transplant, the late 
functional potential of transplanted lungs that are totally 
responsible for pulmonary function is particularly rele- 
vant to the ultimate feasibility of human therapeutic 
lung transplantation. Because of the close relationship 
between morphology and function, it is important to 
know the pulmonary morphology in dogs surviving 
solely on the function of a left lung autotransplant up to 
five years. The purpose of this report is to describe 
such findings and to compare these with similar obser- 
vations made in dogs which have undergone autotrans- 
plantation of the left lung while retaining normal func- 
tion in their contralateral lung. A companion paper will 
describe some of the pulmonary functional and hemo- 
dynamic parameters in the dogs surviving up to five 
years after left lung autotransplantation and ligation 
of the opposite pulmonary artery." 


Methods 


Sixteen mongrel dogs of either sex and weighing 
18-23 kg underwent autotransplantation of the left 
lung as described previously.'*° Ten of these dogs had 
ligation of the contralateral pulmonary artery at the 
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Fic. 1. Photomicrographs 
of sections from the trans- 
planted lungs of dogs that 
died 50 months (A) and 60 
months (B) after autotrans- 
plantation of the left lung 
and ligation of the right 
pulmonary artery. No sig- 
nificant abnormalities are 
evident. Hematoxylin and 
eosin, x80. 


time of transplantation. Four survived up to five years. 
Four of the remaining six dogs that had left lung auto- 
transplantation by similar methods without right pul- 
monary artery ligation also survived five years or more. 

At one to two year intervals after the initial opera- 
tion, under light pentobarbital anesthesia, open biopsy 
of both lungs was performed through a left thoracotomy 
on all surviving dogs.'5 All lung biopsies were performed 
by placing a right angle clamp on a representative edge 
of the inflated lung and excising a 0.5 by 0.5 cm portion 
of lung included within the curve of the clamp. After 
allowing the lung to deflate the remaining lung held 
within the jaws of the clamp was ligated. The lungs were 
then reinflated and the chest was closed without drain- 
age. A portion of each biopsy specimen was prepared 
for light microscopic examination by immersion fixa- 
tion in 10% formalin, embedding in paraffin and staining 
with hematoxylin and eosin. 

Other portions of each biopsy sample were prepared 
for semithin light microscopy and electron microscopic 
examination. These were rapidly sectioned into 1 mm 
blocks and immediately placed in 5% glutaraldehyde 
in M/15 phosphate buffer (pH 7.4) at 4°. After 8 to 14 
hours fixation, the blocks were washed for 60 minutes 
in the phosphate buffer and postfixed in 1% osmium 
tetroxide-Millonig buffer at pH 7.4.!? The tissue was 
then dehydrated through graded alcohols and propyl- 
ene oxide and embedded in Epon 8127 or Araldite. 
For semithin light microscopic observation. 1 u sec- 
tions cut from these blocks were stained with toluidine 
blue or special silver stains.8 These were used to select 
blocks for electron microscopic examination. The 
selected blocks were cut with a diamond knife and 
mounted on naked copper grids. They were stained 
with uranyl acetate (saturated solution 50 percent 
ethanol) and lead citrate, viewed in an RCA EUM 
3-F electron microscope, and selected areas were 
photographed. 
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Light Microscopy 


Dogs with right pulmonary artery ligation. Figure 1 
shows the normal appearance of left lungs 50 and 60 
months respectively after they were autotransplanted 
and forced to provide total pulmonary function. Except 
for minimal capillary engorgement, widespread normal 
areas were present in the transplants of all four long- 
term survivors. In no transplanted left lung was there 
any significant thickening of alveolar walls, alveolar 
exudate, increased alveolar cellularity, fibrosis, in- 
flammation, or arteriolar abnormality. The right lungs 
from these dogs were also normal except for relative 
collapse of the smallest capillaries (Fig. 2). 

Dogs without right pulmonary artery ligation. 
Sections from the autografted left lungs of three of these 
dogs revealed no consistent abnormalities in the alve- 
olar patterns, alveolar structure, alveolar cellularity, 
or structure of the pulmonary vascular components 
(Fig. 3). The right lung in these three animals also ap- 
peared entirely normal. In the fourth dog there were 
focal areas of interstitial fibrosis with excessive num- 
bers of chronic inflammatory cells in both the left auto- 
transplanted lung and in the right lung. The degree of 
these abnormalities, which were indicative of chronic 
lung disease, was equal in both lungs of this animal. 

Light microscopic examination of semithin sections. 
In dogs with and without ligation of the right pulmonary 
artery at the time of left lung autotransplantation, 
examination of semithin sections confirmed the normal 
findings obtained by routine light microscopy. As 
shown in Figure 4, transplanted lungs carrying the 
entire pulmonary blood flow had slight vascular en- 
gorgement and slightly increased pericapillary con- 
nective tissue when compared to the opposite lung 
which had been deprived of pulmonary artery blood 
flow. 





Fic. 2. Photomicrograph of a section from the right lung of a dog 
60 months after left lung autotransplantation and right pulmonary 
artery ligation. Only the large stream capillaries are filled with blood. 
The lung is otherwise normal. Hematoxylin and eosin, x30. 


Electron Microscopy 


Aside from subtle changes in basement membrane 
morphology, no important ultrastructural pathology 
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was identified in either group of transplanted lungs. 
Type I and type II pneumocytes, capillary endothe- 
lium, epithelium of small air ducts, interstitial cells, 
and collagen and elastin fibrils from tranplanted lungs 
in dogs with and without contralateral pulmonary 
artery ligation were normal in size and ultrastructure 
and indistinguishable from those in the accompanying 
right lungs. 

Alveolar epithelial basement membranes were gener- 
ally normal in ultrastructure and thickness in all trans- 
planted left and nontransplanted right lungs in both 
groups of dogs (Fig. 5). In most areas the epithelial 
basement membrane thickness ranged from 30-80 my. 
However, there were, in the transplanted lungs with 
and without contralateral pulmonary artery ligation, 
a few localized regions in which the epithelial basement 
membrane was thickened up to 150 my (Fig. 6). In the 
left, transplanted lungs of dogs that had right pul- 
monary artery ligation there were many regions in 
which the capillary endothelial basement membrane 
was thickened (Fig. 7a). Usually this was not associated 
with changes in the subjacent alveolar epithelial base- 
ment membrane (Fig. 7a) or in the opposite lung (Fig. 7b). 


Discussion 


These findings indicate that transplanted lungs which 
are providing total pulmonary function can retain es- 
sentially normal microscopic morphology up to five 
years after transplantation. The slight distension of 
net capillaries and accompanying capillary basement 
membrane thickening probably resulted from the long- 
term increase in pulmonary blood flow to the auto- 
transplanted left lung engendered by ligation of the 
opposite pulmonary artery. Because of the subtlety of 
these changes it is unlikely that either were of func- 
tional significance. This probability is supported by 
the normal functional parameters to be reported else- 
where.’ 


Fic. 3. Photomicrograph 
of sections from the trans- 
planted lungs of dogs that 
were sacrificed seven years 
(A) and six years (B) after 
left lung autotransplanta- 
tion alone. The lungs ap- 
pear entirely normal. He- 
matoxylin and eosin, (A) 
x20, (B) x40. 
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FIG. 4. Photomicrographs of semithin sections of both lungs from 
a dog 50 months after left lung autotransplantation and right pul- 
monary artery ligation. A is from the left lung. Note the distension 
of all blood vessels, especially the smallest capillaries which are 
surrounded by increased amounts of reticulin. B is from the right 
lung. Note that all small capillaries are collapsed and that no in- 
crease in reticulin can be detected. Silver stain, x 120. 


Similarly, the alveolar epithelial basement mem- 
brane thickening observed in transplanted lungs with 
and without contralateral pulmonary artery ligation 
was probably of no functional significance because of 
its minimal extent and extreme focal nature. 

One dog had interstitial fibrosis and chronic in- 
flammation in its transplanted left lung. However, these 
lesions were present to a similar extent in the Opposite 
normal lung suggesting that they were due to inter- 
current chronic lung disease rather than to the trans- 
plantation procedure. 

Some investigators have claimed that autografted 
lungs, with time, developed marked. generalized ab- 
normalities including fibrosis, bronchopneumonia, 
alveolar wall thickening and infiltration of chronic in- 
flammatory cells.*°!7 The absence of these findings 
in most animals in our study suggests that the ab- 
normalities observed by others may be artifactual. This 
suggestion is supported by the normal transplant 
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morphology observed by Lempert et al. in dogs that had 
undergone bilateral lung autotransplantation and sur- 
vived five to six years.® It is well known that anasto- 
motic imperfections can contribute to impaired lung 
transplant function!?:'?:?-5 and it is probable that tech- 
nical problems such as bronchial anastomotic stenosis 
could also produce lesions in transplanted lungs. In 
none of the studies that attributed the observed severe 
lung lesions to the transplantation procedure per se 
were anastomotic defects excluded. These reports also 
did not include descriptions of the morphology of the 





FiG. 5. Electron photomicrographs of sections of both lungs from 
a dog, seven years after left lung autotransplantation alone. A is a 
section of the non-transplanted right lung. The alveolar epithelial 
basement membrane (arrows) and the capillary endothelial basement 
membrane (arrowheads) are of normal thickness. The capillary lumen 
(CL) is filled with plasma and the alveolar space (AS) is clear 


(x56,000) B is a section from the transplanted left lung. 
Normal basement membrane morphology of both the capillary endo- 
thelium (arrowheads) and the alveolar epithelium (arrows) is 
again present. Within the interstitial space bounded by the two base- 
ment membranes some collagen fibrils are present. The alveolar 
space (AS) is clear. The capillary lumen (CL) is filled with blood 
plasma (x 36,000). 
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opposite lung. Therefore, it is possible that the ob- 
served lesions resulted from intercurrent lung disease 
which is known to be common in large laboratory 
animals, particularly those subjected to multiple 
anesthesias and invasive studies. 

It is possible that an autotransplanted lung with its 
altered innervation and lymphatic drainage may be 
more susceptible to infection or damage from other 
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Fic. 5B. 


agents. However, the possibility remains unproven 
and the present findings, together with those of Lempert 
et al..? clearly indicate that transplanted lungs do not 
necessarily develop important late pathologic lesions. 
This is significant since it indicates that transplanted 
lungs can, if rejection and other problems are pre- 
vented, maintain morphologic integrity for protracted 
periods and possibly indefinitely. 


Fic. 6. Electron photo- 
micrograph of a section of 
the left lung from a dog 5 
years after transplantation 
without right pulmonary 
artery ligation. Note that a 
portion of the alveolar wall 
has a partially infolded 
cytoplasmic layer of alveo- 
lar epithelium with a thick- 
ened (150 mu) basement 
membrane (arrow). The al- 
veolar space (AS) is clear 
(x 36,000). 
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Fic. 7. Electron photomicrographs of sections of both lungs from a dog 5 years after left lung autotransplantation and right pulmonary artery 
ligation. A isa section, from the left lung showing a portion of an alveolar wall with a small capillary filled with blood plasma (BP) and a thrombo- 
cyte (TH). The basement membrane of the capillary endothelium is thickened (thick arrows) in contrast to that of the alveolar lining cell (thin 
arrows). The collagen fibril structure (C) is normal and the alveolar space (AS) is clear ( x 42,100). B is a section from the right lung showing 
a portion of adjacent alveolar walls with a leukocyte (L) in a capillary lumen. Note that the basement membranes of both alveolar lining cells 
and capillary endothelium are of approximately the same thickness (thin arrows). partially separated by connective tissue (C) and partially 
coalesced into a thick, homogeneous band (thick arrows) ( x42,100). 
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Long-Term Fate of Lung Autografts Charged with Providing 


Total Pulmonary Function 


Il. Hemodynamic, Functional and Angiographic Studies 


FRANK J. VEITH, M.D., CHERYL M. MONTEFUSCO, Ph.D. 


Four dogs underwent autotransplantation of the left lung with 
immediate ligation of the right pulmonary artery and survived 
up to five years. Mean pulmonary artery pressures increased 
from 15 + 2 mmHg preoperatively to 23 + 4 mmHg immedi- 
ately after operation and remained at the level (24 + 3 mmHg) 
up to five years operation. Arterial and venous blood gas values, 
determined while the animals were breathing ambient air 
spontaneously under light anesthesia, did not deteriorate with 
time and were within the normal range. The vascular resistance 
of the transplanted lungs up to five years after operation were 
not significantly different from those determined immediately 
after operation and remained lower than preoperative values, 
indicating that transplanted lungs retain indefinitely the ability 
to vasodilate with increased blood flow. Periodic angiography 
performed from 3-5 years after operation confirmed that 
the right lungs received no pulmonary blood flow and revealed 
normal vascular morphology except for moderate dilatation 
of the large arteries in the transplanted left lung. Thus, single 
transplanted lungs can provide total respiratory function while 
carrying the entire pulmonary blood flow at tolerable arterial 
pressures for at least five years without evidence of functional 
deterioration. 


OTENTIAL LUNG TRANSPLANT recipients will have 
P severe, bilateral pulmonary disease. Accordingly, 
any lung transplant must be capable of providing nearly 
total respiratory exchange while carrying almost the 
entire cardiac output. We have previously shown that a 
single transplanted lung can meet these requirements 
for several years by demonstrating that dogs can sur- 
vive up to 24 months after transplantation of one lung 
and immediate ligation of the contralateral pulmonary 
artery.5 The present report, which is based on studies 
of dogs that have survived up to five years after auto- 
transplantation of the left lung and simultaneous 
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ligation of the right pulmonary artery, describes the 
hemodynamic, functional, and angiographic charac- 
teristics of transplanted lungs that have been pro- 
viding long-term total respiratory and vascular 
function. 


Methods 


Ten mongrel dogs of either sex and weighing 18— 
23 kg underwent autotransplantation of the left lung 
by previously described techniques.‘ Within ten min- 
utes of restoration of blood flow to the grafted left lung, 
the right pulmonary artery was doubly ligated. Two 
dogs were sacrificed for complete postmortem exami- 
nation and four succumbed during or after studies per- 
formed from one to three years after operation. The 
remaining four dogs survived up to five years after 
operation and form the basis of this report. 

Every 6-12 months, these four dogs were lightly 
anesthetized with pentobarbital (20 mg/kg, iv) and sub- 
jected to the following studies: The femoral artery was 
cannulated, and a 16 gauge silastic catheter was intro- 
duced via the external jugular vein and fluoroscopically 
guided into the pulmonary artery. While the dogs were 
breathing room air spontaneously through an endo- 
tracheal tube, the pulmonary artery pressure was meas- 
ured with strain gauge transducers, and cardiac output 
was determined by indocyanine green dye dilution. 
Blood was sampled from the pulmonary and femoral 
arteries for measurement of Po,, Pco, and pH. Left 
lung vascular resistance was calculated as previously 
described. After completion of these studies, pul- 
monary angiography was performed by injecting 25 ml 
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LUNG AUTOGRAFTS FOR PULMONARY FUNCTION 


TABLE 1. Hemodynamic and Blood Gas Data after Left Lung Autotransplantation and Right Pulmonary Artery Ligation 


Pulmonary 
No. of Artery Pressure 
Dogs (mmHg) 
Preoperative 10 I5 $2 
Immediately after operation 10 23 + 4 
2—4 months after operation 9* 24+ 1 
3—5 years after operation 4* 2423 


Values are expressed as means + standard error of determination 
while dogs were ventilated with room air. 


of 60 percent diatrizoate meglumine (Renografin) into 
the right ventricle or main pulmonary artery. Twelve 
serial roentgenograms in the anteroposterior and right 
posterior oblique projections were taken at half-second 
intervals with the use of a mechanical cassette changer. 


Results 
Blood Gas Values 


All blood gas values measured three to five years 
after operation were within the normal range for lightly 
anesthetized dogs breathing room air. Detailed values 
are presented in the Table and were not significantly 
different from values determined for these parameters 
preoperatively, when both lungs were functioning 
normally. 


Hemodynamic Values 


Pulmonary artery mean pressure increased signifi- 
cantly with the approximate doubling of blood flow 


Fic. 1. Representative pul- 
monary angiograms taken 
five years after autotrans- 
plantation of the left lung 
and right pulmonary ar- 
tery ligation. Injection is 
into the right ventricle. 
Both anteroposterior (A) 
and right posterior oblique 
(B) projections show some 
reflux of contrast material 
into the right atrium and 
inferior vena cava (arrows). 
Notice that there is no 
visualization of the right 
pulmonary artery and that 
there is moderate dilatation 
of the left main pulmonary 
artery and its major branches. 
The approximate site of 
the left pulmonary arterial 
anastomosis is indicated by 
arrowheads in B. 


655 
Left Lung Vascular Arterial Arterial 
Resistance Po, Pco, Arterial 
(dynes sec/cm ?) (mmHg) (mmHg) pH 

856 + 88 2235 33° 7 7.40 + 0.03 
829 + 75 5 28 + 4 7.39 + 0.03 
610 + 76 i224 39 28 7.39 + 0.03 
620 + 80 79 * 3 26 + 4 7.37 + 0.02 


* Most dogs were studied on more than one occasion. 


through the left lung brought about by contralateral 
pulmonary artery ligation (Table 1). However, the in- 
crease in pulmonary artery pressure was not directly 
proportional to the increased blood flow indicating 
that the vascular resistance of the transplanted lung 
up to five years after operation was not fixed and could 
decrease normally when its blood flow was augmented. 
This normal characteristic of vascular resistance in the 
autografted lungs persisted throughout the five year 
period of observation, as indicated by the relative 
constancy of pulmonary artery pressure and left lung 
vascular resistance measurements (Table 1). 


Pulmonary Angiography 


At all times after operation up to five years, pul- 
monary angiography in all four dogs confirmed the 
integrity of the right pulmonary artery ligation thus 
showing that the entire pulmonary blood flow traversed 
the autotransplanted left lung. In addition, the pul- 
monary angiograms performed three to five years after 
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operation revealed the pulmonary arterial, capillary 
and venous circulations to be normal except for mod- 
erate, 30-70%, dilation of the first, second and third 
order arteries (Fig. 1). No anastomotic defects were 
identified in any of the four long-term survivors. 


Discussion 


Several previous reports have shown that auto- 
grafted lungs can retain normal parameters of venti- 
latory and pulmonary function up to six years after 
transplantation.*5 Additional investigations have shown 
that autotransplanted lungs can have normal vascular 
resistance including some capacity to vasodilate with 
increased flow.?^? However these studies, which were 
only carried out up to 42 days and 8 months respectively 
after transplantation, are in disagreement with a num- 
ber of other reports indicating that transplanted lungs, 
several years after operation, have a high vascular re- 
sistance particularly under conditions of increased 
blood flow to the transplant.*5^ These increased vas- 
cular resistances could be the result, in part at least, of 
technical artifacts since minor defects in the arterial 
or venous anastomoses can produce major abnormal- 
ities in pulmonary vascular resistance and its normal 
capacity to decrease with increasing blood flows." 

The present studies, indicate that dogs can survive 
up to five years after lung autotransplantation and 
immediate ligation of the contralateral pulmonary 
artery, a procedure which imposes total responsibility 
for pulmonary function upon the transplant. More im- 
portantly, the present findings, together with our own 
previously reported observations," show that single 
transplanted lungs can maintain normal vascular re- 
sistance with a normal ability to accommodate an ap- 
proximate doubling of blood flow by appropriate vaso- 
dilation. Moreover, these normal vascular resistance 
characteristics remain unchanged up to five years and 
are accompanied by stable normal arterial blood gas 
values and normal angiographic morphology except for 
moderate dilation of the larger pulmonary arteries. 

Although these findings are encouraging, they were 
based on studies conducted in animals under anesthesia 
at resting levels of cardiac output. The hemodynamic 
characteristics of transplanted lungs under the more 
stressful conditions of increased cardiac output, such 
as required during exercise, have not been adequately 
evaluated in the late period after transplantation. The 
need for such studies is underscored by the findings 
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of Ebert and Hudson who studied dogs up to 42 days 
after left lung autotransplantation and right pulmonary 
artery ligation. They found normal pulmonary artery 
pressures and pulmonary vascular resistances in 
animals in the awake resting state but abnormally high 
pulmonary artery pressures and pulmonary vascular 
resistances during treadmill exercise. 

Clinical lung transplants will have to provide almost 
total lung function for the recipient immediately fol- 
lowing surgery and continuously thereafter. Therefore 
the long-term functional capability of single trans- 
planted lungs that have been chronically charged with 
providing total pulmonary function while carrying the 
entire cardiac output has considerable bearing on the 
ultimate feasibility of therapeutic lung transplantation. 
The present results provide partial support for this 
ultimate feasibility by documenting the resting func- 
tional adequacy, without deterioration, of single lung 
autografts that have been providing total pulmonary 
and vascular function for five years. 
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[n patients with serious bacterial infection, the 
choice of antibiotic therapy is usually made on the 
basis of the effectiveness-to-risk ratio. This considera- 
tion is particularly important when an aminoglycoside 
antibiotic is indicated. 

The activity of Nebcin® (tobramycin sulfate, Lilly) 
against a wide range of gram-negative organisms is 


35 now well known. A review of worldwide literature 


shows “that tobramycin has significant antibacterial 
activity and that it is the most potent of all aminogly- 
cosides against P. aeruginosa. The antibacterial 





activities of tobramycin and gentamicin against mem- serious complicated and recurrent urinary 


bers of the Enterobacteriaceae are comparable, with tract infections 
each agent possessing slightly greater activity than the serious skin, bone, and soft-tissue infections, 
other against selected strains of any species." including burns 
up Nebcin is indicated in the treatment of caused by susceptible strains of the following 
septicemia microorganisms: Pseudomonas aeruginosa, 







serious lower respiratory infections 
gastrointestinal infections, including 
peritonitis 


Escherichia coli, Proteus sp. (indole-positive and 
indole-negative), Providencia, Klebsiella-Entero- 
bacter-Serratia group, Citrobacter sp., and 
staphylococci, including Staphylococcus aureus 
(coagulase-positive and coagulase-negative). 


The proximal tubule 


The proximal tubule is the site in the 
renal system where aminoglycosides produce 
nephrotoxicity 

An investigator has studied the urinary 
excretion of alanine aminopeptidase, a principal 
enzyme of the brush-border membrane of the proximal 
tubule? Levels of the enzyme become elevated in the 
urine as a result of toxic lesions in acute tubular necro- 
sis or of inflammatory processes in the kidney, such as 
rejection crisis. In measurements of the effect of amino- 
glycosides (administered for three consecutive days) on the excretion 
of this enzyme by healthy humans, tobramycin appeared to have a 
minimum effect on the brush-border membrane. 

Another investigative team has studied the relationship between 
tissue concentration and toxicity? The toxicity of aminoglycosides 
may be related to the degree of their binding to tissue. Hence, 
aminoglycosides that accumulate less may be less nephrotoxic. 

All aminoglycosides are potentially nephrotoxic and ototoxic. 
Therefore, patients should be monitored closely when aminogly- 
cosides are being used. Patients with impaired renal function, the 
elderly, those with underlying disease, those with prior exposure to 
potentially nephrotoxic agents, and those with poor host resistance 
are at special risk. During clinical trials in 3506 patients treated with 
tobramycin, investigators reported drug-related nephrotoxicity in 
1.5 percent (53 patients).4 

In view of the effectiveness of Nebcin and the relatively low risk of 
nephrotoxicity, tobramycin can be an appropriate choice for patients 
requiring aminoglycoside therapy. 
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Summary of Prescribing Information 


WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inherent 
potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impairment 
may develop if patients have preexisting renal damage and if Nebcin is admin- 
istered for longer periods or in higher doses than those recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but who 
develop signs of renal dysfunction during therapy. Such impairment may be 
characterized by cylindruria, oliguria, proteinuria, or evidence of nitrogen 
retention (increasing BUN, NPN, or creatinine). Evidence of impairment in 
renal, vestibular, or auditory function requires discontinuation of the drug 
or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and prolonged 
concentrations above 12 mcg/ml should be avoided. Urine should be 
examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy —Safety of this product for use during pregnancy has 
not been established. 


Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injection is 
a clear and colorless sterile aqueous solution for parenteral administration. It is stable 
and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphylococci, 
including Staphylococcus aureus (coagulase-positive and coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infections; 
gastrointestinal infections, including peritonitis; and serious skin, bone, and soft-tissue 
infections, including burns, caused by the susceptible organisms listed above. Clinical 
studies have shown Nebcin also to be effective in serious complicated and recurrent 
urinary tract infections due to these organisms. Aminoglycosides, including Nebcin, 
are not indicated in uncomplicated initial episodes of urinary tract infections unless 
the causative organisms are not susceptible to antibiotics having less potential toxicity. 
Nebcin may be considered in serious staphylococcal infections when penicillin or 
other potentially less toxic drugs are contraindicated and when bacterial susceptibility 
testing and clinical judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate and 
identify etiologic organisms and to test their susceptibility to tobramycin. If suscepti- 
bility tests show that the causative organisms are resistant to tobramycin, other 
appropriate therapy should be instituted. In patients in whom gram-negative 
septicemia, neonatal sepsis, or meningitis is suspected, including those in whom 
concurrent therapy with a penicillin or cephalosporin and an aminoglycoside may be 
indicated, treatment with Nebcin may be initiated before the results of susceptibility 
studies are obtained. The decision to continue therapy with Nebcin should be based on 
the results of susceptibility studies, the severity of the infection, and the important 
additional concepts discussed in the WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg/kg). The possibility that prolonged or 
secondary apnea may occur should be considered if tobramycin is administered to 
anesthetized patients who are also receiving neuromuscular blocking agents, such as 
succinylcholine or tubocurarine. 

Cross-allergenicity among aminoglycosides has been demonstrated. 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 





Adverse Reactions: Nephrotoxicity — Renal function changes, as shown by rising 
BUN, NPN, and serum creatinine and by oliguria, cylindruria, and increased protein- 
uria, have been reported, especially in patients with a history of renal impairment who 
are treated for longer periods or with higher doses than those recommended. 

Neurotoxicity — Adverse effects on both the vestibular and auditory branches of the 
eighth nerve have been noted, especially in patients receiving high doses or prolonged 
therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the ears, and 
hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than those 
recommended. 

Other reported adverse reactions possibly related to Nebcin include increased serum 
transaminase (SGOT, SGPT) and increased serum bilirubin; anemia, granulocytopenia, 
and thrombocytopenia; and fever, rash, itching, urticaria, nausea, vomiting, headache, 
and lethargy. 

Suggested Dosage Guides —!.M./I.V.: 

The usual duration of treatment is seven to ten days. 

Usual dosage for adults, children, and older infants (normal renal function) — 

3 mg/kg/day administered in three equal doses every eight hours. In life-threatening 

situations, the dosage may be increased up to 5 mg/kg/day administered in three or 

four equal doses. This dosage should be reduced to 3 mg/kg/day as soon as clinically 
indicated. (Refer to Table 1 for dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function) — 
Up to 4 mg/kg/day may be given in two equal doses every 12 hours. 

Dosage guidelines for adult or pediatric patients with reduced renal function — 

After a loading dose of 1 mg/kg, subsequent dosage must be adjusted either with 

reduced doses at eight-hour intervals or with normal doses at prolonged intervals. 

To determine the reduced dose at eight-hour intervals, see the convenient nomogram 

in the package literature* To calculate normal dosage at prolonged intervals (if the 

creatinine clearance rate is not available and the patient's condition is stable), the 
following formula may be used: 
1 mg/kg q (6 X serum creatinine) h 

Neither regimen should be used when dialysis is being performed. 

I. V. Administration — The usual volume of diluent for adults is 50 to 100 ml. For 
children, the volume of diluent should be proportionately less than for adults. The 
diluted solution usually should be infused over a period of 20 to 60 minutes. 


*An alternate rough guide for determining reduced dosage at eight-hour intervals (for patients 


whose steady-state serum creatinine values are known) is to divide the normally recommended dose by ` 
the patient's serum creatinine. 


Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 


Usual Dose for 
Serious Infections 


Maximum Dose for Life- 
Threatening Infections 
(Reduce as soon as possible) 
1.66 mg/kg q 8h 
(Total, 5 mg/kg/day) 


For Patient 
Weighing 
kg Ib 


1 mg/kg q8h 
(Total, 3 mg/kg/day) 


ml/dose* 


3 ml 
2.9 ml 
2.75 ml 
2.6 ml 
2.5 ml 
2.4 ml 
2.25 ml 
£l mi 
2 mi 
1.9 ml 
1.75 ml 
1.6 ml 
1.5 mi 
1.4 m! 
1.25 ml 
LI mi 
1 ml 





*Applicable to al! product forms except Nebcin, Pediatric, Injection (see How Supplied). 


How Supplied: Ampoules (Vials) Nebcin* (tobramycin sulfate, Lilly), Injection, 80 mg 
(equivalent to tobramycin) per 2 ml, 2 ml, rubber-stoppered, in packages of 1 and 
Traypaks™(multivial cartons, Lilly) of 25. 

Ampoules (Vials) Nebcin, Pediatric, Injection, 20 mg (equivalent to tobramycin) per 
2 ml, 2 ml, rubber-stoppered, in packages of 1. 

Hyporets® (disposable syringes, Lilly) Nebcin, Injection, 60 mg (equivalent to 
tobramycin) per 1.5 ml, 1.5 ml, and 80 mg (equivalent to tobramycin) per 2 ml, 2 ml, 
in packages of 24. 

Each ml also contains 5 mg phenol as a preservative, 3.2 mg sodium bisulfite, 0.1 mg 
edetate disodium, and water for injection, q.s. Sulfuric acid and/or sodium hydroxide 
may have been added to adjust the pH. [030476c] 


Additional information available to the profession 


on request from Eli Lilly and Company, 
Indianapolis, Indiana 46206. 


Lilly Eli Lilly industries, Inc. 


Carolina, Puerto Rico 00630 
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The anguish associated with cancer is compounded 
by the cancer quack. False hopes—harmful delays— 
devastating expenses—deceptive diagnoses—loss of 
life—these are hazards facing the cancer patient 
desperate enough to seek a cancer quack. 

The problem: how to divert the patient 
from this tragic encounter. 

As medical guide, family counselor, trusted 
friend—you, doctor, play a major role in the 
fight against cancer quackery. 

Wee are here to serve as your partner. 

Our National Office maintains an up-to-date central 
clearinghouse for materials on unproven methods of 
cancer diagnosis and treatment. This is a unique operation 
and the principal source of such information in the 
country. Its services are widely used. Hundreds of 
inquiries are received and answered from all d: 
segments of the community, from coast to coast. : 

To trigger grass-roots action, we have 
formulated a model State Cancer Remedy 
Act designed to control the promotion and 
sale of unproven methods of cancer 
management. This has helped to inspire 
some 20 states to enact or consider 
legislation against cancer quackery—with 
active support from the medical 
community. Copies of the model act, as 
well as copies of laws in effect, are available 
through our National and Division offices. 

In these actions against cancer quackery, 
as in all our efforts against cancer, ours 
is a lifesaving partnership. 


American Cancer Society % = > "- | 


56A 


CS ee ee 


ATLAS OF APPLIED 
VASCULAR SURGERY 


By KIYOSHI INOKUCHI, M.D., 
and AKIRA KUSABA, M.D. 





Here is a unique and timely atlas text describing 
the wide variety of diseases and lesions that have 
been successfully treated through vascular anas- 
tomoses performed with a new stapling instrument 
Originated and perfected by Dr. Inokuchi. 


The extensive experiences of the authors with ves- 
sel suturing equipment have extended the use of 
these instruments beyond the repair and recon- 
struction of vessels, to other areas of surgery. For 
example, use of the Inokuchi stapling instrument 
has made possible the free transplantation of intes- 
tine as a reconstruction of the cervical esophagus. 


A highlight of the book is a discussion of the many 
problems and difficulties which arise in portacaval 
shunt for portal hypertension. The authors have 
realized success in this operation and describe a 
new technique—left gastric venous-caval shunt. 


This highly descriptive book contains details on 
the design of the Inokuchi vascular stapler and 
step-by-step instructions on its use and applica- 
tions. Many of the operations performed utilizing 
the device are discussed, describing the 
techniques used and giving case histories. 


198 pages / 301 illustrations, including 68 photographs. 
11 in color / 21 Tables / 1975 / $57:00. 
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Tablets 


PERCOCET-5 (i; 


Brief Summary of Prescribing Information 

DESCRIPTION Each tablet of PERCOCET®-5 contains 
9 mg oxycodone hydrochloride (WARNING: May be habit 
forming), 325 mg acetaminophen (APAP). 


INDICATIONS For the relief of moderate to moderately 
severe pain. 

CONTRAINDICATIONS Hypersensitivity to oxycodone or 
acetaminophen. 

WARNINGS Drug Dependence Oxycodone can produce 
drug dependence of the morphine type and, therefore, 
has the potential for being abused. Psychic 
dependence, physical dependence and tolerance may 
develop upon repeated administration of 
PERCOCET®-5, and it should be prescribed and 
administered with the same degree of caution 
appropriate to the use of other oral narcotic-containing 
medications. Like other narcotic-containing 
medications, PERCOCET®-5 is subject to the Federal 
Controlled Substances Act. 

Usage in ambulatory patients Oxycodone may impair 
the mental and/or physical abilities required for the 
performance of potentially hazardous tasks such as 
driving a car or operating machinery. The patient using 
PERCOCET* -5 should be cautioned accordingly. 
Interaction with other central nervous system 
depressants Patients receiving other narcotic anal- 
gesics, general anesthetics, phenothiazines, other 
tranquilizers, sedative-hypnotics or other CNS 
depressants (including alcohol) concomitantly with 
PERCOCET*-5 may exhibit an additive CNS depression. 
When such combined therapy is contemplated, the dose 
of one or both agents should be reduced. 

Usage in pregnancy Safe use in pregnancy has not 
been established relative to possible adverse effects on 
fetal development. Therefore, PERCOCET®-5 should not 
be used in pregnant women unless, in the judgment of 
the physician, the potential benefits outweigh the 
possible hazards. 

Usage in children PERCOCET®-5 should not be 
administered to children. 

PRECAUTIONS Head injury and increased intracranial 
pressure The respiratory depressant effects of 
narcotics and their capacity to elevate cerebrospinal 
fluid pressure may be markedly exaggerated in the 
presence of head injury, other intracranial lesions or a 
pre-existing increase in intracranial pressure. 
Furthermore, narcotics produce adverse reactions 
which may obscure the clinical course of patients with 
head injuries. 

Acute abdominal conditions The administration of 
PERCOCET®-5 or other narcotics may obscure the 
diagnosis or clinical course in patients with acute 
abdominal conditions. 

Special risk patients PERCOCET*-5 should be given 
with caution to certain patients such as the elderly or 
debilitated, and those with severe impairment of 
hepatic or renal function, hypothyroidism, Addison's 
disease, and prostatic hypertrophy or urethral stricture. 


ADVERSE REACTIONS The most frequently observed 
adverse reactions include light-headedness, dizziness, 
sedation, nausea and vomiting. These effects seem to 
be more prominent in ambulatory than in 
nonambulatory patients, and some of these adverse 
reactions may be alleviated if the patient lies down. 


Other adverse reactions include euphoria, dysphoria, 
constipation, skin rash and pruritus. 


DOSAGE AND ADMINISTRATION Dosage should be 
adjusted according to the severity of the pain and the 
response of the patient. It may occasionally be 
necessary to exceed the usual dosage recommended 
below in cases of more severe pain or in those patients 
who have become tolerant to the analgesic effect of 
narcotics. PERCOCET* -5 is given orally. The usual 
adult dose is one tablet every 6 hours as needed for 





pain. 
DRUG INTERACTIONS The CNS depressant effects of 
PERCOCET* -5 may be additive with that of other CNS 
depressants. See WARNINGS. 6085 BS 
DEA Order Form Required. 

PERCOCET" is a U.S. registered trademark of Endo Inc. 


Endo Inc. 


Manatı, Puerto Rico 00701 
Subsidiary of Endo Laboratories, Inc. 
Subsidiary of the DuPont Company T 
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‘tretain the steroid enema... 


Frequently your ulcerative proctitis patient 
can't retain the steroid enema: when the patient 
needs to be ambulatory; when the patient is in the 
early stages of therapy; when a steroid enema 
triggers the onset of tenesmus, or when sphincter 
control is weak. 





Now there's an alternative to the retention 
enema-—Cortifoam? (hydrocortisone acetate 10%) 
rectal foam. With Cortifoam, the steroid is kept in 
contact with the inflamed mucosa by a muco- 
adhesive foam base. Unlike retention enemas, 
Cortifoam can be administered at any time 
convenient to the patient in just 30 seconds— even 
while standing. Following administration, 
Cortifoam requires no lengthy period of reclining, 
no struggle to retain medication. And it usually 
won't leak or stain even in active patients. “This 
form of treatment is better tolerated since it does not 
provoke the tenesmus or urgency that often 
accompany a fluid enema."* | 


Finally, Cortifoam is more economical per 
application than commercially-available steroid 
enemas. 


So when you need an alternative for 
ulcerative proctitis patients who can't retain steroid 
enemas, now you can prescribe one—Cortifoam. 


*Korelitz, B.L: Hospital Medicine 14:8-34, March, 1978 





Reed & Carnrick/Kenil worth, New Jersey 07033 


The easy-to-retain 
alternative. | 










possibly account for headache, insomnia and fatigue. Sub- 
Capsular Cataracts may result from prolonged usage. Long- 


term use of al! corticosteroids results in catabolic effects ® 
characterized by negative protein and calcium balance. Gs- 

teoporosis, spontaneous fractures and aseptic necrosis of the 

hip and humerus may occur as part of this catabolic phe- 

nomenan. Where hypopotassemia and the other symptoms 


associated with fluid and electrolyte imbalance call for potas- 


s 
sium supplementation and sait-poor or salt-free diets, these oO 
may be instituted and are compatibie with diet requirements 
for ulcerative proctitis, l 


Administration and dosage: Usual dose is one applicatorfut 


once or twice daily for two or three weeks, and every second Te | fi 
day thereafter, administered rectally. The patient direction l 
package with fhe applicator describes how to use the aerosol 

. Container and applicator. Satisfactory response usually oc- 

curs within five to seven days marked by a decrease in symp- 

toms. Symptomatic improvement in ulcerative proctitis 

should not be used as the sole criterion for evaluating effi- 

, Gaty Sigmoidoscopy is also recommended to judge dosage 

adjustment, duration of therapy and rate of improvement. 








How supplied: CORTIFOAM is supplied in an aerosol con- 

^ Tainer with a special rectal applicator. Fach applicator delivers 

c. approximately 900 mg. of foam containing approximately 80 
:omg. of hydrocortisone as 90 mg. of hydrocortisone acetate 

The aerosol container will deliver a minimum of 14 applica tions. 
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New Second Edition! 










Edited by 

Lloyd M. Nyhus, M.D 
and 

Robert E. Condon, M.D. 
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ee nT MMAE ONE 


"The book to end all books on hernia”... "Magnifi- 
cent"... “recommended unreservedly”... "a sum- 
mation of today's best total hernia knowledge” are 
just a small sampling of the international acclaim 
which greeted the publication of the first edition of 
this major work on hernia. Dr. Nyhus has now joined 
with a new co-editor, the noted surgeon Dr. Robert E. 
Condon, to bring this tremendous opus up-to-date in 
a New (2nd) Edition. 


The many additions and revisions to this classic text 
fulfill the editors’ goal of bringing together, in one 
definitive volume, all established and innovative 
concepts of hernial etiology, diagnosis, and repair. 
They reflect the current emphasis on specific types of 
hernias and certain therapeutic techniques. For 
example, of special interest in this edition is the 
considerably expanded section on hernias of the 
diaphragm, which represents the only truly compre- 
hensive review of this clinically important condition 
that is presently available. A helpful discussion of the 
Shouldice approach and experience is also included. 


The popular format of the original book has been 
retained, giving the readers the very best, most up-to- 
date information in every area of hernial surgery, 
from world-renowned contributors. The chapters are 
again followed by Special Comments from invited 
experts, followed by Editorial Comments by the 
editors. 


457 Illustrations 
$59.00 


782 Pages 
2nd Edition, 1978 











Cook County Graduate School of Medicine 


announces 


. AN ELEVEN DAY, 100 HOUR 
SPECIALTY REVIEW COURSE IN 
GENERAL SURGERY 


PART H 
January 14 — 25, 1980 


Designed for candidates preparing for the certifying examination of the American Board of 


Surgery (Part II) or the in-service examination given by the Board for residents in accredited 


training programs. Also useful as an initial review for the recertification examination of the 


American Board of Surgery. 


pediatric. surgery, oncology, 





transplantation, orthopedics, 


Clinical entities and the solution of difficult problems encountered in general surgery, 


thoracic surgery, gynecologic 


ds surgery, urology and neurosurgery will be emphasized. 


A. M.A. Category I Credit: 100 Hours 


Write or call for further information and registration 


Registrar 


707 South Wood Street 


Chicago, Illinois 60612 


(312) 733-2800 
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Complications 


in Vascular Surgery 


| Edited by HUGH G. BEEBE, M.D.. 
With 18 Contributors. 


Outstanding vascular surgeons from all sec- 
|... Hons of the country have pooled their com- 
Tu ~ posite experience and knowledge for this 
|. in-depth work, Each has written on a specific 
|J. vascular complication and gives you the bene. 
< fit. of his expertise in this area. Three objec- 
. tives are always in view: 1) To help you 
| prevent complications where the causes are 
- known and can be anticipated. 2) To provide 
you with a clear guide to the management of 
. complications. 3) To establish a foundation of 
information from which you can deal logically 
¿and effectively with problems not described. 
l'his work reaps the benefit of significant ap- 
aisals of long-term follow-up studies that 
me possible during the last ten years. 
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hydrocodone bitartrate 5 mg. with acetaminophen 500 mg. 





A unique narcotic analgesic 
formula with hydrocodone- 
a semi-synthetic analogue 
of codeine 


combined with 500 mg. acetaminophen 


Individual patient rating of treatment acceptability of VICODIN? Tylenol? with 
Codeine No. 3, and placebo by 90 post- partum patients. 


In a controlled double-blind 


study, 3 groups of 30 women Tylenol® with 

with moderate episiotomy VICODIN* |Codeine No.3} Placebo 
pain were treated with 

VICODIN® Tylenol® with E 

Codeine No. 3 or placebo! 73% 50% 33% 
'Hopkinson, J. IIl: Vicodin. A new analgesic: 22 of 30 patients | 15 of 30 patients | 10 of 30 patients 
Clinicat evaiuation of efficacy and safety of 

repeated doses. 


Curr, Ther. Res, 24(6):633-645, 1978. 


2796 5096 6796 
8 of 30 patients | 15 of 30 patients | 20 of 30 patients 








DOSAGE CAN BE TITRATED TO MATCH Convenienttelephone 
THE SEVERITY OF PAIN prescribing and R refills. 








The usual adult dose is one tablet every 6 hours as needed for Telephone prescribing is 
pain. In cases of more severe pain, two tablets every 6 hours or permissible in most states. 
one tablet more frequently than every 6 hours may be required. Up to 5 refills in 6 months 


VICODIN? is given orally. VICODIN Tablets are scored and can where state law permits. 
be easily divided for greater dosage flexibility | . 


Please see next page for prescribing information 





hydrocodone bitartrate 5 mg. with acetaminophen 500 mg. 


5 Description: toch tablet of VICODIN contains 
Hydrocodone Bitartrate S mgr 

* Warning: May be habil forming. 

o Acetaminoph^en [APAPIS00 mg. 

e V Acetaminophen occurs as a white, odoress crystalline powder, possessing o slightly 
- .Elfter taste. 

2D Jive hydrocodone component is dihydrocodeinone, a white. odorness crysiGhine pow- 
der which is derived from the opium alkaloid, thebaine, and may be represented by ine 
tollcewing structural formula 
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tions: The principa! anaigesic ingredient, hydrocodone. is a semisynfhelic narcotic 
Jin mullipie actions qualitatively similar to Those of morphine; mosi of these involve me 
Sentral nervous system ond organs composed of smooth muscie. The princi aohons of 
rapeutic value of the hydrocodone in this drug are analgesia and sedation. 
 Hycrocodone is similar to codeine and methadone in that it retains at least one half of 
5 Gnolgesic activity when administered orally 
This drug also contains fhe non-narcotic antipyratic -anaigesic acetaminophen. 
indications: For tne relief of moderate to modernialy severe pain. 
-Gontraindications: Hypersensitivity to hydrocodone or acetaminophen. 
"Warnings: Drug Dependence: Hydrocodone can produce drug dependence of the 
L Éorphine type and. therefore. nas the potential for being abused. Psychic dependence. 
^ Physio! dependence and tolerance may develop upon repeated administration of fhis 
= drug and it should be prescribed and administered wilh the same degree of caution 
“appropriate fo the use of ofher ora! narcotic-containing medications. Like her 
ungele containing medications, VICO inydrocodone Giartrate with 
“geetarninopnen) is subject to the Federal Controied Substances Act. 
<. Usage in Ambulatory Patients: Hydrocodone may impair the mental and-ot physi 
vx abitities requiredtorthe performance of potentiay hazardous fasks such os driving a 
-earo operating machinery The patient using this drug should be cautioned accorlingly. 
interaction with other central nervous system depressants: Patients receiving 
lather narcotic analgesics, general anesthetics. phenothiazines, other tranquilizers. 
sedative-hypnotics or other CNS depressants [including alcohol] concomitantly with 
hydrocodone and acetaminophen may exhibit an additive CNS depression. When such 
combined therapy is contemplated. the dose of one or both agents should] be reduced. 
Usage in Pregnancy: Safe use in pregnancy has nol been established relative fo 
possibile adverse effects on fetal development. Therefore, VICODIN should not be used in 
pregnant women uniess, in the judgment of fhe physician, ine potential benefits out- 
“weign ihe possible hazards. 
“Usage in Children: VKCODIN should not be administered to chidren 
Precautions: Head injury and increased intracranial pressure: The respiratory de- 
pressant effects of narcotics and their capacity to elevate cerebrospinal Huid pressure 
ray be markedly exaggerated in the presence of head injury, other infracranial iesions 
or a pre-axisting increase in infracranial pressure. Furthermore narcotics produce ad 
verse reactions which moy obscure the clinical course of patients with head injuries. 
_. Acute abdominal conditions: The administration ot VIC ODIN or ofher narcotics may 
Goscure the diagnosis or clinical course in patients with acute abdominat conditions. 
Special risk patients: VICODIN should be given wilh caution To ce atients such 
gs ihe eldeny or debuitated, and Those with severe impairment of hepatic or rena 
u function, hypothyroidism. Adichsar’s disease and prostatic hypertrophy or urefhroi stic- 
M. 
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prominent in ambulatory than in non-ambulatory patients. and some of hese adverse 


v Other adverse reactions inciucte euphoria, dysphoria. constipation, skin rash. ond 

co cqaruntus. 

"Dosage and Administration: The usual adult dose is one fablet every 6 hours as 

tieoded for pain. In cases of more severe pain. two tabiels every 6 hours or one tablet 
ly 

























riore freauentiy than every ò hours may be required) VICODIN is given c 
|^ Brug interactions: The CNS depressant effects of tnis drug may be additive 
i @ther ONS depressants. See Warnings. 
^. Management of Overdosage: Signs and Symptoms: 5erious overdose with VICODIN 
.— (hydrocodone bitartrate with acetaminophen) is characterized by respiratory depres- 
sion fa decrease in respiratory rate and/or igal volume. Cheyne Stokes respiration. 
0. Qyonosis], extreme somnolence progressing fo stupor or coma, skeletal muscie flaccid- 
"od cold and clammy skin. and sometimes bradycardia and hypotension. i severe 
cverdosage. apnea, cireviatory collapse. cardiac arrest and deoh may occur. The 
.. ingestion of very large amounts of this drug may, in addition, result in acute hepatic 
sos Toxicity. 
vo s Teatment: Primary attention should be given to the reestablishment of adequate 
—: fespitatory exchange through provision of a patent curway and the instiulion of assisted 
.Oor controlled ventilation. The narcotic antagonists naloxone. nalomhine or iecallorphan 
|) gre specific antidotes against respiratory depression which may result from overdosage 
^t War unusual sensitivity to narcotics. including hydrocodone. Therefore, an apptroprnate 
.« dose of one of these antagonists should be administered | preferably by the intravenous 
Gute, simultaneously with efforts at respiratory resuscitation, Since the curation of action 
"of hydrocodone may exceed that of the antagonist. ihe patient should be kept under 
‘ontinued surveillance and repeated doses of the antagonist should be achninistered as 
neecied to maintain adequate respiration. 
Co MAD antagonist should not be administered in the absence of clinically significant 
ou PESHORE y Ot cardiovascular depression. 
. Oxygen. intravenous fluids. vasopressor and other supportive measures should be 
Amptoyecd as indicated. 
“Gastric emptying may be useful in removing unabsorbed drug Acetaminophen irt 
missie overdosage may cause hepatotoxicity in some patients. Clinicat and laboratory 
vidence of hepatotoxicity may be delayed for up fo one week. Close cinical monitor 
ing and serial hepatic enzyme determinations are therefore recommended. 
^ 7. heatment of acute acetaminophen overdosage i$ purely symptomatic. 
5 How Supplied: Bottles of G0 white, blsected, fol capsule shaped tablets with o double 
E Po knol Pharmaceutical Company, Whippany New Jersey 0/798) 
i ^ Member Company, Certified Medical Pepresentatives institute, inc sgi 
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PRESERVE and PROTECT 
YOUR COPIES OF 
ANNALS of SURGERY 


Now, your journals can become a hand- 
some addition to your professional library. 


These file boxes are designed and cus- 
tom-made to keep your copies orderly, 
readily accessible and clean. 


Durable book-binder's board covered 
with scuff-resistant, washable Leathertex. 
Lettering embossed in 23-Karat gold leaf. 


qus sem um SR I Ho SM qom E Man quM qu preme m m m UN P TD NE 


Jesse Jones Box Corp. (since 1843) 
Dep't. JBLA—Phila., Pa. 19141 


Gentlemen: Kindly send me: 

Reasonably priced, too. Only $4.95 ea. O 
3 for $14.00 0 6 for $24.00 O 

Add $1.00 postage per file for orders outside the U.S. 


i 

i 

l 

l 

| 

i 

l 

l 

| 

i 

i [] Check enclosed (Make check payable to: 
i Jesse Jones Box Corp., Box 5120, Phila., Pa. 
i 19141) 

l 
i 
l 
i 
i 
I 
l 
| 


Name 


Address eneren 





— MH ME E E Em d 


City/State/Zip omm 





Shipped postpaid U.S. only. Satisfaction unconditionally 
guaranteed or your money back. 


detente OTONA MA DOR A GAARA DA A E S OA A SHRI A AA A. MAN: DAE B GAR WN, SES 


aa a a OEE a CON A 








This current concept of treatment of the Thoracic Outlet 
Syndrome based on a personal experience with 304 patients, 
resulted in complete (85%) or partial (7%) relief of symptoms 
in 92% of operated patients. The diagnosis centers upon a 
thorough history and the exclusion of other causes of arm and 
shoulder pain utilizing a strict flow pattern of differential 
diagnosis. Angiography and electromyography are of limited 
value and are only performed in selected cases. Operation 
should be reserved for the thoroughly evaluated patient who 
continues to have pain despite adequate conservative therapy. 
Transaxillary removal of the first rib, fibromuscular bands 
and cervical rib, when present, is the operation of choice. 


HORACIC OUTLET SYNDROME (TOS), a collective 
T term involving neurovascular compressive prob- 
lems of the shoulder girdle, was coined by Rob and 
Standoven in 1958.7 Although this syndrome was 
recognized and treated over a century ago, only 
recently has its pathophysiology and proper treatment 
been elucidated. Clagett' rekindled interest in TOS by 
emphasizing the importance of the first rib as the 
common denominator in all forms of the syndrome. 
Roos” subsequently described a simple method for 
resecting the first rib by utilizing a transaxillary 
approach. With the contributions of Clagett and Roos, 
surgical relief of this syndrome became predictable, 
technically easier and more acceptable to both patients 
and surgeons. 

Etiologically, the signs and symptoms are due to 
bony, muscular and ligamentous compression of the 
neurovascular bundle at the thoracic outlet. The com- 
pression may be congenital as with a cervical rib, 
fibrous or muscular bundles, or acquired through nar- 
rowing of the outlet from sagging of the shoulder 
girdle by age. Other causes may be due to cervical 
trauma, hypertrophic muscles as seen in weight lifters 
and occupations that involve hyperabduction of the 
upper extremities. 





Reprint requests: Thomas R. Kelly, M.D., The Professional 
Center, 75 Arch Street, Suite 410, Akron, Ohio 44304. 
Submitted for publication: April 17, 1979. 


Thoracic Outlet Syndrome 


Current Concepts of Treatment 
THOMAS R. KELLY, M.D., F.A.C.S. 


From the Department of Surgery, 
Akron City Hospital, Akron, Ohio 





The syndrome can be severely disabling but responds 
to an orderly approach of diagnosis with physiotherapy, 
operation or both. It is the purpose of this paper to 
discuss our integrated concept of the current manage- 
ment of TOS in 304 patients operated at Akron City 
Hospital. 


Clinical Material 


Three hundred four patients, 198 females and 106 
males were operated for TOS during the period 1965 to 
1978. The average age of the patients was 38 years. 
There was a history of trauma in 2146 of the patients; 
10% had previous surgery related to their symptoms. 
The duration of symptoms was four weeks to 12 years, 
with an average duration of 18 months. Twelve per 
cent of our patients had subjective symptoms bilat- 
erally when first seen and required a second operation 
on the contralateral side at a later date. Another 5% 
of patients subsequently developed TOS on the other 
side which required surgery. 


Signs and Symptoms 


The symptoms of TOS vary greatly depending on 
whether the nerve, artery or vein is being compressed 
(Fig. 1, modified from Urschel).'? There may be an 
overlap of symptoms if more than one structure is in- 
volved in the compression. 

Compression of the brachial plexus is associated 
with pain, numbness, paresthesia and weakness. 
Muscular atrophy of the hand may be present. The pain 
is usually in the neck and shoulder. Headaches, an- 
terior chest and scapular pain are not infrequently 
present. Paresthesia and numbness usually along the 
distribution of the ulnar nerve (C8- T1) to the fourth 
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Fic. |. Schematic diagram showing anatomical strictures that 
may compress the neurovascular bundle against the first rib. 


and fifth fingers is extremely common. Any activity 
which causes abduction of the arm usually initiates 
or worsens the symptoms. 

Arterial symptoms include pain, weakness, coldness 
and easy fatigability of the arm. The radial pulse may 
be dampened or completely absent on different arm 
maneuvers. Raynaud’s phenomenon, ulceration or 
gangrene of the extremity may be present in advanced 
cases. The coldness commonly felt by the patients with 
TOS is usually a reflection of peripheral neuropathy in 
the presence of strong peripheral pulses. 

When venous obstruction is present, the complaint 
will be an aching tired arm with swelling, cyanosis and 
edema. Evidence of distended collateral veins around 
the shoulder and anterior chest may be present. Throm- 
bosis of the subclavian vein (Paget-Schroetter or 
"effort thrombosis") is frequently noted. 

Two hundred ninety-two patients (96%) in this study 
presented with predominantly neurological symptoms. 
The remaining 12 patients (4%) had subclavian vein 
thrombosis. None of our patients had symptoms due to 
major arterial vascular occlusion. 

The radial pulse could be obliterated upon assuming 
the 90^ abduction position of the affected extremity 
in 218 patients (72%). Subclavian arteriograms per- 
formed in the initial 53 patients revealed subclavian 
artery compression at the medial border of the first 
rib in 90% of the patients (Fig. 2). Venography showed 
venous thrombosis in all 12 patients in which it was em- 
ployed. Electromyography and nerve conduction times 
were employed in 60% (182) of cases and proved to be 
of little benefit in the diagnosis and the selection of 
patients for surgery. 

Bony abnormalities were present in 20% of our pa- 
tients in the form of cervical rib, long transverse 
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process, clavicular abnormalities, bifid first rib and 
fusion of first and second ribs. 


Differential Diagnosis 


When TOS is suspected a cooperative and integrated 
concept of management is utilized employing the aid of 
the neurologist. orthopedist and occasionally the 
cardiologist. This flow pattern of management (Fig. 3, 
modified from Dale)? concentrates on ruling out all 
other causes of radiculopathy, the diagnosis of TOS 
being made by exclusion. A neurological examination 
along with electromyography and myelograms, in indi- 
cated cases, comprise the main components of the 
neurological consultation. The orthopedist is con- 
cerned mostly with muscular tenderness and bony 
abnormalities of the shoulder and arm. Cervical spine, 
shoulder and chest radiography are obtained at this 
time. Cardiac consultation with stress electrocardio- 
gram is requested if there is a complaint of chest pain. 

After the work-up the patient is started on shoulder 
girdle strengthening exercises for two weeks. If symp- 
toms are not relieved, cervical halter traction is in- 
stituted for a few days in those patients suspected of 
having disc pressure. Carpal ligament lysis may be 
indicated in some cases. 

If the patient experiences relief of symptoms non- 
operative therapy is continued. Hospital admission is 
arranged for those patients whose symptoms persists. 
Subclavian arteriograms, venograms or myelograms 





Fic. 2. Arteriogram demonstrating compression of the subclavian 
artery at the thoracic outlet. 








NEUROLOGICAL CONSULTATION 


Vol. 190 e No. 5 


FLOW PATTERN: TOS 


albe" 


ORTHOPEDIC CONSULTATION 





1) Neurological work - up 1) Chest x- ray 
2) Electromyograms 2) Shoulder x - ray 
3) Cervical spine x - rays 3) Carpal ligament lysis 


(in indicated cases) 


EXERCISE: SHOULDER GIRDLE 


( 2 weeks ) 


| RELIEF 


CERVICAL HALTER TRACTION 


( 1 week ) 


[~ RELIEF 


HOSPITAL ADMISSION 
1) Subclavian arteriogram 
2) Venography 
J) Myelograms 









OPERATION 


92% Good 
Results 


Fic. 3. Flow pattern of management of the thoracic outlet syndrome. 


will be performed at this time, in indicated cases. 
Surgery is then offered to those patients who continue 
to have symptoms. Utilization of the above pattern 
of management has produced good to excellent results 
in over 90% of the operated patients. 


Treatment 


All patients in this study had removal of the first rib 
(along with a cervical rib or anomalous band when 
present) through the transaxillary approach. Figure 4 
depicts the regional anatomy adjoining the neuromus- 
cular structures as they pass between the clavicle and 
first rib. The artery is seen between the subclavius 
muscle anteriorly and the scalenus anticus muscle 
posteriorly. The vein and nerve plexus pass posterior to 
the scalenus anticus. The patient is placed in the lateral 
position and the arm is draped freely so that the axilla 
may be opened by applying traction to the arm (Fig. 5). 
A transverse incision is made just below the axillary 
hairline and carried down to the third rib. Dissection 
proceeds cephaled along the chest wall to the first rib. 
The first rib is dissected extraperiosteally with great 
care to avoid injury to the adjoining nerve, artery and 
vein. The anterior scalene muscle is divided at its 
attachment with the superior border of the rib. The 
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Fic. 4. Relationship of the neurovascular bundle to the clavicle 
scalenus muscles and first rib. 


dissection is carried out using scissors, periosteal 
elevator and the surgeon's finger. Finger dissection is 
sensitive, safe and effective in freeing most of the rib. 
While it is important to remove as much rib as possible, 
it is the posterior aspect of the rib which must be 
removed completely since this is the area where the 
nerve plexus is compressed. Excision of the first rib 
removes the floor of the compression compartment and 
allows the neurovascular bundle to drop downward 
away from the overlying enclosing structures. Figure 6 





Fic. 5. Drawing depicting position of patient and location of 
axillary incision. 
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Fic. 6. Appearance of the neurovascular bundle through the 
axillary incision. 


reveals the anatomical structures which are visualized 
through the axillary incision. The nerves, artery and 
vein are seen in the background. The pleura rises 
between the rib and the neurovascular bundle. The 
scalenus anticus and medicus muscles have been 
divided from the rib and the rib is ready for removal. 
Subclavian venous thrombectomy was also performed 
through the same incision in seven of the eight cases 
with venous thrombosis in this study. Figure 7 reveals 
the swelling, edema and collateral venous circulation in 
the right arm of a patient with subclavian venous 
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thrombosis. Figure 8 shows the thrombosis that was 
removed from the subclavian vein in the patient in 
Figure 7. 

If the parietal pleura is entered the pneumothorax 
is easily managed by insertion of a chest catheter 
through the axillary incision. The catheter may be ap- 
plied to suction and withdrawn as the wound is closed 
or connected to a water seal and removed the next 
morning. If the pleura is not entered a Penrose drain is 
left in place for 24 hours. A cervical rib, if present, 
can usually be removed through the axillary approach 
after removal of the first rib. Operative time averages 


T blood loss is 50-100 cc. Figure 9 de- 


picts the decompression of the neurovascular bundle 
which lies below the clavicle and between the cut edges 
of the first rib. Finally, Figure 10 demonstrates the heal- 
ing transaxillary incision at the fifth postoperative day. 


Results 


The follow-up period, of the 304 operated cases, 
ranged from six months to five years. All patients were 
evaluated by re-examination or questionnaire. 

Symptoms were completely (85%) or partially (7%) 
relieved in 92% of the 304 operated patients. Only 8% 
(16) of patients were not improved and considered as 
having a poor result. In addition 7% (21) of patients 
had partial recurrence of symptoms during the follow- 
up period. It is predictable early as to whom will have 
a good result since relief of pain, numbness and tingling 
of the hand is immediate and evident by the first post- 
operative day. None of the patients were made worse. 
There were no deaths. Complications consisted of 
pneumothorax in 22 (11%), long thoracic nerve injury 
in two, hemorrhage in two and temporary brachial 





Fic. 7. Swelling of the right arm due to subclavian vein thrombosis. 


Fic. 8. The thrombus removed from the subclavian vein of patient 
in Fig. 7. 
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Fic. 9. Drawing showing decompressed neurovascular bundle 
with resected first rib. 


plexus paralysis in one. The average hospital stay was 
4.5 days. 


Discussion 


Thoracic outlet syndrome is not a new entity, yet 
only recently has it been considered in the differential 
diagnosis of upper extremity problems. This fact is 
evidenced by the number of patients receiving in- 
adequate treatment for the syndrome. Most of our 
earlier patients consulted an average of three phy- 
sicians before they were referred to the neurologist or 
orthopedist for their TOS work-up. Many were told by 
their physicians that their complaints were ‘‘not real," 
"exaggerated" or "in your head.” Although the 304 
patients in this series were operated during the past 
12 years, 5096 of the operations were performed in 
the last four years, indicating that physicians are now 
recognizing the entity more often than previously.‘ 

Electromyography and nerve conduction velocities 
which have been advocated by Rainer and Sadler? and 
Urschel'? have not been found to be of benefit in the 
diagnosis and selection of our patients for surgery. We 
performed these tests in 182 cases and found in most 
instances that no abnormality was present, yet the 
majority of these patients obtained complete relief of 
pain by surgery. Roos? and Daube? also feel these tests 
are of little value in the evaluation of the patient with 
TOS. Roos? gives the following reasons for his beliefs: 
1) the normal range of the tests are too wide to rely on a 
specific nerve velocity to be diagnostic, 2) location of 
the nerve compression is so central on the plexus that 
the stimulating electrode cannot be placed proximal to 
the compression site, and 3) the nerve compression 
and irritation are intermittent (as suggested by symp- 
toms) and not consistently picked up by the insensitive 
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apparatus. For the above reasons electromyography 
and nerve conduction velocities are no longer per- 
formed in the routine evaluation of our patients. 
Although positional obliteration of the radial pulse 
is commonly present in the syndrome (72% in this 
study) only rarely are symptoms due to arterial 
occlusion. We have performed subclavian arteriog- 
raphy in 53 of the cases in this series with 48 patients 
(90%) showing compression of the artery at the level 
of the first rib when the arm was hyperabducted. In no 
instances were there compression of the artery when 
the arteriogram was performed with the arm in normal 
unexaggerated positions. Raaf? found obliteration of 
the radial pulse in more than 60% of asymptomatic 
subjects with the arm in the shoulder-braced position 
alone. Wright“ found obliteration of the radial pulse in 
at least one upper extremity tested in an elevated arm 
position in 92.6% of 150 asymptomatic normal patients. 
In the 304 operated patients in this study none had a 
positive Adson test performed with the arms down on 
the symptomatic side. These studies indicated that 
pulse obliteration with the arms and head in various 
positions is a normal finding in the majority of asymp- 
tomatic people and bears no direct relationship to the 


symptoms of TOS. We no longer perform subclavian 
arteriography routinely in our patients. They are only 


done when the patient has definite evidence of arterial 
insufficiency of the extremity. 

With positional evaluation of the radial pulse, sub- 
clavian arteriography and nerve conduction velocities 
proving unreliable and inaccurate, Roos? made a valu- 
able contribution by describing the tests that he feels 
are valuable in establishing the diagnosis of TOS. These 
tests are: 1) the three minute elevated arm exercise 
test. The test results in early fatigability and heaviness 
of the involved arm with gradual onset of numbness 





Fic. 10. Appearance of axillary wound on the fourth post- 
operative day. | 
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and tingling in the hand, 2) percussion and thumb pres- 
sure test. A positive response is tenderness and gradual 
reproduction of numbness and tingling and pain down 
the arm, elicited by thumb pressure over the brachial 
plexus in the supraclavicular fossa, 3) hypesthesia to 
touch and pinprick skin sensation of the inner fore- 
arm and ulner side of hand and fingers (C8—T1), and 
4) weakness of the triceps (C-7) or interossious muscles 
of the hands (C8- T1). 

If patients are thoroughly evaluated by a detailed 
history, simplistic tests as described by Roos, and 
appropriate consultations, the diagnosis of TOS can 
be made with a high degree of accuracy allowing for a 
gratifying relief of symptoms in over 9092 of patients 
subjected to surgery. Meticulous resection of the first 
rib (with associated fibrous bands and cervical ribs) 
through a transaxillary approach, is the treatment of 
choice. The few patients having no relief will result 
from an inaccurate diagnosis and lack of technical ex- 
pertise in performing decompression of the neuro- 
vascular bundle. 


Summary 


The current concepts of treatment of 304 patients 
with TOS are reviewed. The diagnosis can be made 
with a high degree of accuracy by utilizing the com- 
bination of a detailed history, simple tests of physical 
examination and appropriate neurological and ortho- 
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pedic consultations. If patients are highly selected 
through a thorough evaluation program surgery will 
result in gratifying relief of symptoms in over 90% of 
cases. The treatment of choice is meticulous resection 
of the first rib through a transaxillary approach. 
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External Ureteroneocystostomy and Ureteroureterostomy 


in Renal Transplantation 


JOHN C. MCDONALD, M.D., MICHAEL S. ROHR, M.D., Ph.D., GARY D. FRENTZ, M.D. 


"External" ureteroneocystostomy is a method of recon- 
structing the urinary tract for renal transplantation. As per- 
formed by us, it is a modification of the technique of Witzel, 
Sampson, and Lich. It has the advantages of requiring a very 
short length of ureter, avoiding a separate and large 
cystotomy, and retaining the antireflux mechanism. This tech- 
nique is described in detail. Ureteroureterostomy has been 
used as the preferred procedure when the bladder wall is very 
thin or when the vascular attachments are such that a ureteral 
length of greater than 6-7 cm would be required for 
bladder implantation. Since using these techniques we have 
reduced the early complication rate of ureteral implantation 
from 11.9% in a consecutive series of 126 transplants to 
0% in the last 88 consecutive transplants. A review of the 
literature which led to the adoption of these techniques is 
also presented. 


N THE PAST FEW YEARS better clinical management 
I has led to improved patient survival following renal 
transplantation, even though there has been little if any 
improvement in the long-term allograft survival. Even 
so, mortality continues to be significant in renal trans- 
plantation and frequently relates to the technical 
aspects of urinary drainage. 

This work was stimulated by our dissatisfaction with 
the "internal" or transvesical ureteroneocystostomy 
technique. Using this method we encountered 15 
urologic complications from 126 ureteral implants done 
between November 1969 and October, 1973 (11.992). 
The mortality rate for these complications was 26.7%.1 


Review of Literature 


A review of the more recent literature regarding 
urologic complications is summarized in Tables 1-3. 
The exact method of urinary tract reconstruction is 
often dictated by individual circumstances; however, 
Table 1 indicates that in 2500 renal transplants the 
lowest complication rate was present when the ureter 
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was implanted into the bladder. These data suggest 
that ureteroneocystostomy, when feasible, is the pro- 
cedure of choice for urinary tract reconstruction. 

Table 2 shows the complication rate of "internal" 
or transvesical ureteroneocystostomy which have been 
reported. Thus, morbidity and mortality from ureteral 
reconstruction was seen to be a rather general problem. 

The specific complications from these 2,091 implants 
are shown in Table 3, those series which did not define 
their complications were eliminated. Bladder prob- 
lems accounted for 28% and were primarily attrib- 
utable to disruption of the separate cystotomy incision. 
This suggested that avoiding the separate large 
cystotomy required for the transvesical implant might 
be beneficial. Further, many complications at the 
ureteral implant site were thought related to inadequate 
blood supply of the ureter. Therefore, a procedure 
which demanded less ureteral length was thought 
indicated. 

MacKinnon described a method of extravesical 
ureteral implantation in 1968.!5 The technique com- 
bined a procedure described by Witzel in 1896,?? with 
the extravesical tunneling of Lich, et al.'® By utilizing 
minimal donor ureteral length and avoiding a separate 
bladder incision, MacKinnon used the procedure in 6 
patients without complication. 

This approach was not further discussed until 1972, 
when, after laboratory investigation,!?!! Konnak, et al., 
reported a series of 28 external ureteroneocystostomies 
with a low complication rate. Our experience with 
the extravesical technique began in 1973, and 6 of these 
procedures were included in a series of 126 transplants 
presented in 1974.4 The present series includes our 
transplant experience since that time with further 
modifications of the technique. 
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TABLE 1. Complication Rates According to Methods of Urinary 


Urological Complications 


FE nad 





Number Per Cent 
Ureteroneocystostomy (internal) 189/2091 (9.0) 
Ureteropyelostomy 60/280 (21.4) 
Ureteroureterostomy 23/129 (17.8) 
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Materials and Methods 


All renal transplants performed at Tulane Uni- 
versity from January, 1974 to May, 1977 and at the 
Louisiana State University Medical Center in Shreve- 
port from July, 1977 to January, 1979 are included. 
Eighty-eight allografts were performed on 85 patients, 
44 being from cadaver donors. External ureteroneo- 
cystostomy was performed in 78 patients and 
ureteroureterostomy in 1l. In addition to the usual 
biochemical parameters, renal function has been fol- 
lowed routinely posttransplantation with the scintilla- 
tion camera at one, seven, 14, and 180 days post- 
operatively and annually thereafter, as described else- 
where.7?? Intravenous pyelogram (IVP) or further 
urologic studies were performed when urologic com- 
plications were suspected, otherwise, IVP was routinely 
performed at 6 months postoperatively, and annually 
thereafter. 


TABLE 2. Internal Ureteroneocystostomy in 
Renal Transplantation 
Urologic Complications 
Mortality rate 


Ref- M ÓÀ——M— 
Center erence Number (96) Number (90) 
Albany (34) 0/4 0 — 0 
Mayo Clinic (6) 1/142 0.7 0/1 0 
San Diego (20) 2/85 2.4 0/2 0 
Minneapolis (32) 3/118 2:4 Q3 0 
Edinburgh (35) 1/32 3$ 0/1 0 
San Francisco (3) 7/200 3.5 /7 .0 
Miami (17) 4/66 6.1 3/4 75.0 
Boston (PBB) (5) 8/120 6.6 0/8 0 
Denver (28) 14/178 T. 3/14 21.4 
Portland (2) 14/171 8.2 1/14 7.4 
Richmond (23) 9/96 9.4 2/9 22.2 
Cleveland (29) 12/122 9.9 7/12 58.3 
Dublin (31) 3/31 10.0 3/3 100.0 
New Orleans 

(Tulane) (4) 15/126 11.9 4/15 26.7 
L.A. (UCLA, 

VA) (19) 15/127 12.0 5/15 33.3 
Montreal (18) 6/41 15.0 2/6 33.3 
Durham (1) 18/109 16.0 — — 
Cambridge (24) 11/68 16.2 2/11 18.2 
Palo Alto (22) 4/20 20.0 2/4 50.0 
Auckland (7) 6/20 30.0 /6 0 
L.A. (Child, 

USC) (8) /29 36.6 1/9 11.0 
Goteborg (9) 19/32 36.6 1/9 5.3 
Total 189/2091 9.0 37/189 19.6 
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Surgical Technique 


A silastic Foley catheter of appropriate size is in- 
serted per urethra after induction of anesthesia, but 
prior to operation. The bladder is filled with 1% Neo- 
mycin or Kanamycin Solution by allowing the solu- 
tion to flow into the bladder by gravity until no more 
accepted. This volume is ordinarily 200—300 ml. The 
catheter is then clamped and the antibiotic solution 
retained in the bladder until it is opened to receive 
the implant. After the allograft is revascularized the 
peritoneum is swept from the bladder dome. If the 
bladder wall is extremely thin or scarred from pre- 
vious procedures, or if the vascular attachments are 
usually cephalad necessitating a long segment of ureter 
to reach the bladder, we elect to perform a uretero- 
ureterostomy; otherwise, an external ureteroneocys- 
tostomy is done. In either case, we use loupe mag- 
nification and microvascular technique. 


External Ureteroneocystostomy 


A longitudinal myotomy incision is made near the 
bladder dome directed toward the bladder neck for 
4-5 cm. (Fig. 1A). When at the proper level, the 
mucosa will protrude through the incision (Fig. 1B). 
This incision should be as long as is convenient. A 
1.5 cm incision is then made in the bladder mucosa 
at the distal end of the detrusor incision (Fig. 1C), 
and the antibiotic solution within the bladder is 
aspirated. With the bladder emptied, the donor ureter 
is brought to the level of the bladder mucosa incision. 
Excess ureter is excised and the ureter spatulated 
for 1.5 cm. A 6-0 Prolene cardiovascular suture is 
then placed at each apex (Fig. 1D) and the full-thick- 
ness of ureter anastomosed to the bladder mucosa in 
one layer with a continuous, nonlocking stitch (Fig. 
| E). This anastomosis accomplished in part around an 


TABLE 3. Complications of Ureteroneocystostomy in 
Renal Transplantation 





Site of Complication Number Per Cent 
Bladder 44 (28.4) 
leak 31 
vesico cutaneous fistula 9 
perivesical abscess 3 
gangrenous cystitis I 
Ureter 108 (69.7) 
leak 36 
obstruction UVJ 33 
obstruction (other) 17 
necrosis 14 
disruption UVJ 5 
hemorrhage 3 
Renal pelvis 3 (1.9) 
necrosis f: 


UPJ obstruction l 
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Fic. 1. Technique for external ureteroneocystostomy; see text for details. 


8F polyethylene catheter which is removed prior to 
its completion. 

The ureter is tacked to the proximal apex of the 
incision with a single horizontal Halsted stitch of 
Prolene (Fig. 1E). We believe this stitch, which pre- 
vents tension at the acute angle of the anastomosis, 
is particularly important. The myotomy incision is then 
closed over the ureter with interrupted 3-0 silk sutures 
(Fig. 2F,G). This single layer of sutures closes the 
detrusor muscle over as long a segment of ureter as 
possible, usualy 2-3 cm. This provides a tunnel to 
prevent reflux. The surgical wound is closed without 
drains. The Foley catheter is removed by the second 
postoperative day. 


Ureteroureterostomy 


Should bladder implantation not seem wise, a 
ureteroureterostomy is performed. The recipient ureter 
should be carefully mobilized in order to use the short- 
est segment of donor ureter possible. Having assured a 
tension-free anastomosis of the ureters, the excess 
length of donor ureter is excised and the ureter spatulated 
for 1.5 cm. A 1.5 incision is then made in the side of 
the recipient ureter and a full-thickness anastomosis 
performed as described above (end of donor ureter to 


side of recipient ureter). Again, an 8F polyethylene 
stent is used during suturing only. The proximal re- 
cipient ureter is not iigated. The wound is handled 
as described above. 


Results 


In 88 transplants, 78 external ureteroneocystostomies 
and 11 ureteroureterostomies were done. No urologic 
complications have resulted in the early postoperative 
period. One patient returned 14 months after implanta- 
tion with a gradually rising creatinine. Intravenous 
pyelography demonstrated a dilated ureter and pelvis. 
At operation a high grade partial obstruction was 
found in the submuscular tunnel. This implant was 
resected, a ureteroureterostomy was performed, and 
the patient recovered without further complication. 
The postoperative observation period now ranges from 
1-60 months. No calculus disease has been observed. 


Discussion 


Our experience is similar to that of Konnak, et al. 
In their series of 28 external ureteroneocystostomies, 
two complications occurred. Ureterovesical reflux was 
demonstrated in 8 of 22 patients studied. However, 
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Fic. 2. Technique for external ureteroneocystostomy; see text for details. 


this was not associated with urinary tract infections or 
other complications. Their findings relative to reflux 
were similar to those of Murray and Harrison?! who 
demonstrated reflux in eight of 18 patients whose im- 
plants were done by the standard "internal" implanta- 
tion technique. 

Our early complication rate has been lowered from 
11.9% to 0 by using these techniques. We use the 
external ureteroneocystostomy when applicable. In 
our series of implants prior to 1974,* six of the external 
type were included. Of these, two had anastomotic 
leaks. These patients were both managed success- 
fully; one had a classic Pacquin reimplant, the other 
a pyeloureterostomy. It was noted that both patients 
had markedly thin, scarred bladder walls. The external 
ureteroneocystostomy has therefore not been used as 
a procedure of choice if the bladder wall is felt to be 
inadequate at the time of dissection; rather, a uretero- 
ureterostomy has been performed as described above. 
Ureteroureterostomy has also been used as the method 
of choice if the vascular attachments are high thereby 
requiring a ureteral length of greater than 6-7 cm to 
reach the bladder. 

External ureteroneocystostomy is simple, utilizes 
minimal donor ureteral length, and avoids a large 
cystotomy. The anastomosis is more tedious to per- 


form and magnification is very helpful, if not essential. 
The tunneling procedure helps prevent reflux and 
urinary extravasation. We believe the use of prolene 
suture with its low ‘‘drag’’ has been particularly help- 
ful in making the anastomoses water-tight. 

Ureteroureterostomy has been used sparingly and 
only with specific indications. It has however, proven 
quite reliable thus far. We attribute this to the per- 
formance of a vascular-type microsurgical anastomosis 
with low-drag synthetic suture. 

Urinary tract anastomoses performed with con- 
tinuous nonabsorbable suture have been compared to 
anastomoses performed with interrupted absorbable 
suture in the animal laboratory. No advantages of non- 
absorbable interrupted suture can be demonstrated. 
(These data will be the subject of a separate report). 

Early complications from the drainage system have 
ceased to be a problem since using these methods, 
and we feel they can be recommended for wider use 
in renal transplants. 
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The Value of Transperineal Injection for the Diagnosis of 


imperforate Anus 


ANTONIN MOTOVIC, M.D., MARCOS KOVALIVKER, M.D., BORIS MAN, M.D., LUDWIG KRAUSZ, M.D. 


imperforate anus is one of the most common causes of intestinal 
obstruction in the newborn and the exact estimation of the level 
of the blind rectal pouch is of primary importance. We present 
11 cases of imperforate anus and demonstrate the accurate 
location of the rectal pouch by transperineal injection of con- 
trast media. This method shows an advantage in comparison to 
the classical plain roentgenogram in the inverted position of the 
baby. No unnecessary colostomies were performed since intra- 
duction of the transperineal injection. The method is simple 
and there were no complications due to injection 10—15 cc of 
20% Hypaque. Further studies are now in progress to demon- 
strate the presence or absence of an associated internal 
fistula in all cases. 


ANGENSTEEN AND RICE? were the first to estimate 
the level of the rectal pouch by plain roentgeno- 
gram with the baby being held in the inverted posi- 
tion with a lead marker placed in the anal dimple. In the 
surgical and radiological literature there are some dif- 
ferences of opinion as to the interpretation of simple 
plain roentgenograms. There are several factors that 
may produce gross errors: 1) Six to 20 hours elapse 
from the time of birth until air reaches the rectal pouch; 
2) There are obvious difficulties in holding the baby 
upside down for a period of five to ten minutes; 3) 
The presence of a fistula may allow the gas to escape: 
4) Sticky meconium may remain adherent to the distal 
part of the bowel; 5) Intra-abdominal pressure can 
cause fluctuation in the level of the gas column. We 
have been able to demonstrate the level of the rectal 
pouch and in some cases the presence of associated 
internal fistulae by roentgenographic studies, using 
transperineal injections of contrast media Hypaque® 
20% into the distal end of the bowel. 
Imperforate anus is one of the most common causes 
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of intestinal obstruction in the newborn infant and 
occurs with a frequency of 1:5000 births. The number 
of cases of imperforate anus associated with other con- 
genital malformations is large, and frequently the prog- 
nosis is determined by associated conditions. 

Stephens, Santulli and others! ??^? contributed to the 
understanding of the embryology and the pathologic 
anatomy of the various types of anorectal malforma- 
tions. The classification of "low" and "high" rectal 
pouches described by Kiesewetter et al.? has both 
therapeutic and prognostic significance. 

Preoperative evaluation of the patient is ofthe utmost 
importance when planning this surgical procedure, and 
x-rays of the abdomen are the most important diagnostic 
tool. When classical plain roentgenograms are taken 
with the baby held in the inverted position with a lead 
marker placed in the anal dimple, the proper site of the 
blind rectal pouch is sometimes misplaced. 

In 1971 Muragusu* published the first series of pa- 
tients who received injections through the perineum 
and in 1973 Wagner? presented his experience on 
this subject. 

We have used this method in 11 out of 27 cases 
treated for imperforate anus of all types since 1972. 
Sixteen of the babies did not require injection and 
could be handled by a simple perineal approach. In six 
patients the plain x-ray showed a "high" pouch but 
after injection a low” pouch was demonstrated. In 
two patients (20%) an internal fistula was immediately 
demonstrated compared to 60% reported in the lit- 
erature. In four patients (40%) we found a fistula later. 
This had been the shortcoming of the method. 
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Fic. la. 18 hours after birth 


Inverted roentgenogram taken 
shows a "high" rectal pouch. 


Method 


Classical anteroposterior and lateral roentgenograms 
were taken 12—14 hours after birth with the baby held 
in the upside down position. The distance from the 
blind rectal pouch to the anal dimple was carefully 
measured. After placing the baby in the lateral position 
a 14 gauge needle was inserted through the perineum 
and monitored until the air or meconium was aspirated. 
At this stage an amount of 10-15 cc of Hypaque® 
20% was injected. This was enough contrast media to 
provide a clear picture of the blind pouch (Fig. 1 A-B). 

Detailed. fluoroscopic examination of the rectal 
pouch and x-rays of the patient lying in the lateral and 
supine positions were taken. 


Discussion 


Eleven newborns with imperforate anus underwent 
transperineal injection for accurate location of the blind 
rectal pouch. With the injection of contrast media the 
exact location of the blind pouch was demonstrated in 
all of the cases. In two cases an internal fistula was 
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Fic. Ib. After transperineal injection the blind rectal pouch lies 1 cm 
from the dimple, a primary anoplasty was performed. 


found. No complications related to the contrast media 
or the method were observed as pointed out by others.* 
No unnecessary colostomy was performed, as before 
the introduction of the transperineal injection in 1972. 
Before 1972, 23 cases of imperforate anus were operated 
on in our department after the classical inverted x-rays 
were taken. In two cases a colostomy was unneces- 
sarily performed because of false readings of the plain 
roentgenograms (Figs. 2A and B). 


Conclusion 


Proper treatment of imperforate anus requires ac- 
curate location of the blind rectal pouch. Transperineal 
injection of contrast media gives more accurate in- 
formation than the classical plain roentgenogram in the 
inverted position and we believe that this method repre- 
sents the most accurate method of determining the 
exact location of the blind rectal pouch today. 

We are still not able to demonstrate the presence 
or absence of an associated internal fistula in all cases. 
We demonstrated internal fistulas in two cases (20%) 
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Fic. 2a. The plain roentgenogram taken 24 hours after birth showed a 
"high" rectal pouch. In this case a Colostomy was performed. 


and missed it in four others (40%). In light of these 
findings, further studies are now in progress. 

In our opinion, the advantage of the method is, 
whether a simple perineal approach or a colostomy, 
and an abdominal or sacrococcygeal/ Stephen’s/ ap- 
proach should be performed immediatelv or at à 
later date. 
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The Pathologic Assessment of Primary 
Hyperparathyroidism and its Impact on Therapy 


A Prospective Evaluation of 50 Cases with Oil-Red-O Stain 


ANDREW DEKKER, M.D., CHARLES G. WATSON, M.D., E. LEON BARNES, JR., M.D. 


Normal and abnormal parathyroid glands removed surgically 
from 50 consecutive patients with primary hyperparathyroidism 
were studied by means of hematoxylin and eosin and oil-red-O 
stains. This was done to establish the incidence of the different 
pathological entities in our patient material, and to evaluate 
the role of the oil-red-O stain in the diagnostic histopathological 
process. The oil-red-O stain distinctly separates abnormally 
hyperfunctioning from normal or suppressed parathyroid 
tissue. Therefore, it is a valuable tool in the pathologic eval- 
uation of patients with hyperparathyroidism. Chief cell 
adenomas were the most frequent lesions (88%), while diffuse 
hyperplasia was seen less commonly (10%) and carcinoma in- 
frequently (2%). These findings justify a surgically conserva- 
tive approach as the most desirable in managing patients with 
primary hyperparathyroidism. 


HERE HAS BEEN INCREASING confusion concerning 

the relative prevalence of the various patho- 
logical disorders resulting in primary hyperparathy- 
roidism. While most authors?*9/'^!? agree that the 
predominant lesion is a solitary chief cell adenoma, 
some*!?!9? claim that diffuse chief cell hyperplasia 
is far more common than previously suspected, justify- 
ing subtotal parathyroidectomy as the operation of 
choice.'® A strong argument,*'" however, can be made 
for a "conservative" operative approach, namely 
excision of the adenoma and biopsy of a "normal" 
parathyroid, and reserving subtotal parathyroidectomy 
for biopsy proven hyperplasia. 

Distinction between the different pathological en- 
tities rest ultimately on microscopic diagnosis. This is 
largely determined by evaluating parenchymal (intra- 
parenchymal)'? as well as stromal (interparenchymal) 
fat content. This distinction has been greatly facilitated 
by use of specific fat stains, i.e., oil-red-O, whereas 
stromal fat is adequately evaluated in hematoxylin 
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and eosin stained sections. Generally,? ‘‘normal’’ 
parathyroid tissue in the adult has ample parenchymal 
and stromal fat while hyperfunctioning tissue, as mani- 
fested by clinical hyperparathyroidism, is depleted of 
both. Although Roth and Gallagher’? are largely re- 
sponsible for demonstrating the advantages of the use 
of a fat stain in the pathological evaluation of cases 
of primary hyperparathyroidism, specific instances 
where this might be of clinical use have not been 
elucidated. This study has been designed to provide 
such information. 


Materials and Methods 


Over a three year period (1976-1979), all patients 
treated surgically for primary hyperparathyroidism at 
the Presbyterian-University Hospital were included in 
the study. The specimens were weighed and measured. 
When parathyroid tissue was identified histologically, 
an extra section was prepared on the cryostat, fixed 
in 10% formaldehyde solution, and afterwards stained 
with oil-red-O and counterstained with Harris’ 
hematoxylin solution.’ All of the remaining tissue from 
each case was fixed in buffered 10% formalin solution 
and processed in such a manner that hematoxylin 
and eosin (H&E) sections could be prepared from 
paraffin blocks. In cases judged to be adenomas, only 
those with either a capsular parathyroid gland or with 
a biopsied "normal" gland were included in the study 
(see below). 

Employing oil-red-O stained sections, parenchymal 
(intraparenchymal) fat was quantitated microscopically 
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TABLE I. Relative Incidence of Pathologic Diagnoses in 30 Patients 
with Primary Hyvperparathyroidism 


Adenomas (total) 





44 (88%) 

single 43 (97.76€) 

double | (2.2%) 

mediastinal l (2.2%) 

lipoadenoma I (2.25€) 
Chief cell hyperplasia 5 (10%) 
Carcinoma | (2%) 
Tota! 50 (10056) 





on a scale from 0 to 4+, 0+ representing the least, and 
4+. the greatest amount. In H&E sections of the 
"normal" parathyroid gland, the stromal (inter- 
parenchymal) fat content was determined with the aid 
of a net micrometer in the eyepiece of the microscope 
similar to that done in a previous study.? The per cent 
stromal fat could then be calculated as a percentage 
of the parenchymal or interstitial tissue. In addition, 
whenever the stromal fat was less than 10%, step sec- 
tions were obtained, and the amount of stromal fat 
re-evaluated. Also, in the hematoxylin and eosin sec- 
tions of the adenoma cases, note was made of capsular 
parathyroid tissue, if present. 

Fifty patients undergoing 51 operations were seen 
during this time period. The average age was 50.4 years 
with a range from 18—82. Thirty-seven patients were 
female (74%) while 13 (26%) were male, for a female to 
male ratio of 2.9:1. 

In all patients, postoperative serum calciums were 
obtained immediately and after a significant interval 
(726 months): All without exception became eucalcemic. 

A total of seven surgeons performed the surgery in 
this series of patients. Over two-thirds (42) of the opera- 
tions, however, were done by one of the authors (CGW). 


Results 


Over two-thirds of the cases (88%) as seen in Table 1 
were classified as chief cell adenomas. Most of the pa- 
tients had a single adenoma, with one being double 
and one mediastinal in location (see Case #1 below). 
Three of the adenomas were cystic, grossly. In over 
half of the adenomas (28), the fat stain showed little or 
no intracellular fat (0 plus), one-third (13) had only a 
slight amount (1+), while it was moderate (2+) in four 
(996). Capsular parathyroid tissue was identified his- 
tologically in H&E sections in 30 of the 44 adenoma 
cases (68%). The oil-red-O stained sections showed 
abundant parenchymal fat (4+) in the capsular para- 
thyroid gland of nine adenomas, thereby confirming 
the impression gained from H&E sections. This was 
especially helpful in five cases, since it was the only 
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normal parathyroid tissue available for histological 
examination. 

The mean stromal fat of 41 "normal" glands in 39 
patients with adenomas was 26.9%. In 10 of these pa- 
tients (26%) (average age 56.9 years), however, the 
stromal fat of the "normal" ' parathyroid gland was less 
than 10%, which remained constant in step sections, 
while the parenchymal fat content was uniformly 4+. 
No nodularity was seen. In those cases with capsular 
parathyroid tissue the stromal fat content was gen- 
erally similar to that found in the "normal" tissue from 
the same patent. 

The relative incidence of chief cell hyperplasia is 
given in Table 1. No case of clear cell hyperplasia 
was identified. Parenchymal as well as stromal fat was 
absent in most of the hyperplastic glands. The excep- 
tions were as follows: a) In one case the stromal fat 
focally was 30—4096 (similar to reports in literature?) 
with groups of chief cells of normal appearance inter- 
spersed. These cells contained ample parenchymal fat 
(4+), whereas in adjacent hyperplastic areas it was re- 
duced; and b), in another hyperplastic case (Case 4), 
the smallest gland, although minimally enlarged, had a 
focal nodule, which had markedly reduced parenchymal 
fat while surrounding chief cells had ample fat. Three 
of the five cases with hyperplasia had clinical evidence 
of either a familial or multiple endocrine adenopathy. 

In the one case of carcinoma, the gland was ad- 
herent to surrounding structures at the time of surgery 
and histologically had all of the findings usually asso- 
ciated with malignancy of the parathyroid gland includ- 
ing mitoses, fibrous septae, and occasional trabecular 





Fic. 1. 
Case |. 


(left) Photomicrograph of left lower parathyroid from 
Note relationship of stromal fat (F) to chief cells 
(H&E, x265). (right) Same gland stained with oil-red-O: 4+ 
parenchyma! fat (P). Stromal fat globule (F) also demonstrated 
(x 265). 
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arrangement of the neoplastic chief cells. This patient 
is asymptomatic and eucalcemic one year after wide 
excisional surgery. 

<: The following case reports, although representative 
H E. the patients in this study, are particularly selected 
- to illustrate the usefulness of the fat stain in resolv- 
ing problems in histologic evaluation and clinical 
management. 


Case Reports 
Recognition of Normal Parathyroid Gland 


Case 1: (R.T.). This 25-year-old man was found to be hyper- 
calcemic (calcium 12.5 mg/dl) on a routine biochemical screen. A 
serum parathormone (PTH) level was inappropriately elevated. 
Neck exploration yielded four parathyroid glands, three normal in 
appearance and the fourth slightly enlarged (5 mm), compared to 
the others. The enlarged gland was removed and another biopsied. 
The stromal fat of both glands was ample (40-50%), while their 
parenchymal fat content was high (4+), indicating both to be normal 
or. suppressed glands (Fig. 1). Postoperatively, the serum calcium 


is . remained elevated. Subsequent selective venous catheterization 


demonstrated a step-up in the PTH concentration in the right 
thymic vein, and mid mediastinal lesion was demonstrated by 
selective arteriography. Using a mediastinotomy approach, a 
21.7 g adenoma was located within the arch of the aorta and re- 
moved. The tumor’s parenchymal fat was minimal (0+). 


Comment. With a fair degree of certainty, we were 
able to predict that the two parathyroid glands re- 
moved at the time of the first operation, even though 
one was marginally enlarged, were not abnormal 
largely on the basis of the results of the fat stain. This 
was confirmed by persistent hypercalcemia post- 
operatively. In contrast the intracellular fat was ab- 
normal (i.e., greatly diminished) in the adenoma, re- 





Fic. 2. (left) sincera of right superior snd a Case 
#2. Note stromal fat (5%) (arrows). Spaces without arrows are 
glands (H&E; x105). (right) Same gland stained with oil-red-O: 
4+ parenchymal fat (P) ( x 265). 


HYPERPARATHYROIDISM 


673 





Fic. 3. (left) Photomicrograph of adenoma (A) from Case 3 with 
capsular tissue (C) with abundant stromal fat (F) (H&E: x 105). 
(right) Same section stained with oil-red-O. Parenchymal fat (P) 
in capsular parathyroid (C), 4+; 0+ in adenoma (A). Stromal fat: (F) 
( x 265). 


moved subsequently. The patient has remained 


eucalcemic (24 months to date). 


of a Normal Gland 


Case 2: (D.K.). For over a year, this 34-year-old woman had 
asymptomatic serum calcium elevations up to 11.6 mg/dl. The serum 
PTH level was inappropriately elevated. The patient's neck was 
explored and a 700 mg adenoma was removed from the left side. A 
0.3 cm "normal" right superior parathyroid was also removed, 
whose stromal (interparenchymal) fat content was uniformly 5% 
in serial step sections while the parenchymal fat was 4+. The 
parenchymal fat content of the adenoma was 1-- (Fig. 2). The pa- 
tient has remained eucalcemic postoperatively. 


"Pseudohyperplasia'' 


Comment. Even though the right superior para- 
thyroid was small grossly, microscopically, in serial 
step H&E sections, it appeared abnormal, due to 
the presence of only 5% stromal fat. The parenchymal 
fat stain conclusively differentiated between the two 
specimens, however, thereby indicating that the tumor 
was actively functioning while the contralateral para- 
thyroid gland most likely was not. The fat stain was of 
crucial diagnostic help in this case and nine others like 
it in confirming that the impression of hyperplasia 
of the "normal" gland was spurious. Postoperatively 
the calcium returned to normal levels, and has re- 
mained so for 24 months. 


Capsular Parathyroid Tissue 


Case 3: (L.C.). This 68-year-old woman had a three year history 
of hypercalcemia, discovered incidentally. The serum PTH level 
was inappropriately elevated. The patient's neck was explored and 
a 1.3 g tumor of the left inferior gland was found. Intraoperative 
parenchymal fat as well as H&E stains demonstrated normal 
capsular parathyroid tissue. The latter had ample intracytoplasmic 
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Fic. 4. (left) Photomicrograph of frozen section preparation of left 
superior gland from Case 4. Note small microadenoma (A), out- 
lined by a fibrous capsule (arrows), without stromal fat (H&E: 
x43). (right) Oil-red-O stain: Parenchymal fat (P) in adenoma 
(A), 0+; surrounding gland (C), 4+. Stromal fat: (F) (x 126). 


fat while the adenoma had none (Fig. 3). The histologic diagnosis 
was a chief cell parathyroid adenoma of the left inferior gland. The 
postoperative serum calcium levels have remained within normal 
limits (12 months). 


Comment. Without the vivid demonstration of 
normal capsular parathyroid tissue in the H&E stained 
sections, the diagnosis would have been in doubt from 
a histologic point of view since no other parathyroid 
tissue was identified. The oil-red-O sections were 
largely confirmatory but especially helpful at the time 
of operation. The histologic diagnosis of adenoma 
seems to be confirmed by the persistent eucalcemia, 
postoperatively. 


Recognition of Hyperplastic and Nonhyperplastic 
Areas in Hyperplasia 


Case 4: (B.C.). This 47-year-old woman had progressive 
asymptomatic hypercalcemia for a six year period, with the serum 
calcium ranging up to 11.3 mg/dl and an inappropriately elevated 
serum PTH. Intraoperatively, four parathyroid glands were en- 
larged, the right more than the left. Three and one-half were re- 
moved, with a combined weight of 245 mg. Histologically, glands 
from the left side of the neck were essentially normal with 30% 
stromal fat and 4+ parenchymal fat, except for a small nodule 
of chief cells in the upper gland which contained no parenchymal 
fat (Fig. 4). The other gland on this side even in serial sections 
was normal. Histologically, the two glands on the right side con- 
tained large nodular aggregates of chief cells of varied appearance 
which uniformly contained no intracellular fat. Postoperatively the 
patient became eucalcemic and has remained so. 


Comment. Unequal involvement of parathyroid 
glands in chief cell hyperplasia is demonstrated. The 
fat stain was crucial in defining hyperfunctioning 
nodules in an otherwise normal gland, which was 
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especially helpful in the frozen section preparation 
during surgery, at which time the diagnosis of hyper- 
plasia could not have been made on the basis of H&E 
sections alone, which confirms previous reports? that 
occasional hyperplastic glands may be only minimally 
involved in the adenomatous hyperplastic process. 


Discussion 


The relative frequency of adenomas and hyper- 
plastic parathyroid glands encountered in this three year 
prospective study of patients treated surgically for 
primary hyperparathyroidism approximates that re- 
ported by Castleman, et al., in a larger series extend- 
ing over more than five decades.? This is significantly 
at variance with the preponderance of hyperplastic 
lesions recently reported.*!°'®!® The reasons for this 
apparent high incidence of hyperplasia may be several:? 
inclusion of an unusually large number of familial cases 
who usually have diffuse hyperplasia; the inclusion of 
asymptomatic patients who may have subtle changes 
in the parathyroid glands making it difficult to dis- 
tinguish between adenoma, mild chief cell hyperplasia, 
or normal glands; lastly, a possible source of error, well 
known but infrequently mentioned! ?* is the difficulty 
in consistently establishing an accurate pathologic 
diagnosis on the basis of H&E sections alone. Several 
of our case reports demonstrate this difficulty and the 
advantages afforded by the parenchymal fat stain in 
the differential diagnosis of these entities. The diag- 
nosis usually is not conclusive with any one technique 
but depends on a composite review of intraoperative 
gross morphology, routine H&E and oil-red-O micro- 
scopic findings, and in the final analysis on the evalua- 
tion of postoperative serum calciums. 

One potential source of error in histological diag- 
nosis, also not widely recognized, is the uniform de- 
crease of stromal fat to less than 10% in occasional 
"normal" glands associated with single adenomas in 
adult patients contrasted to an anticipated "normal" 
stromal fat content of 40-50%. This was observed 
in one-quarter (26%) of our cases with solitary adenoma. 
Even though this might conceivably be construed as 
evidence for hyperplasia, as recently reported," the 
fact that all had ample parenchymal fat (4+) indicates 
the ‘‘normal’’ nature of these glands, a fact eventually 
corroborated by persistent postoperative eucalcemia in 
all our patients with single adenomas. The finding of 
decreased stromal fat or "pseudohyperplasia'' has also 
recently been observed in a series of autopsied adult 
patients? without clinical or pathologic evidence of 
hyperfunctioning parathyroid tissue. These findings, 
therefore, in both surgical and autopsied cases indicate 
that variation in stromal fat must be viewed with 
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© caution when making functional predictions on the 

. basis of histology alone. Only when the gland is grossly 

> enlarged, even if slight, and the parenchymal fat in the 

chief cells decreased, may decreased stromal fat be 
used as additional evidence for hyperfunction. The 
< marked histological uniformity in step sections, in at 
least these ‘‘pseudohyperplastic glands,” is at variance 
with the report of Grimelius, et al.,? who found marked 
variation in serially sectioned parathyroid glands of 
patients with adenomas. 

Generally," the parathyroid glands associated with 
single adenomas are described as '"suppressed' or 
‘‘atrophic.’’ Recent work?’ does not support this con- 

... tention based largely on histological appearances. Even 

| though our histologic observations support the non- 

atrophic state of the “normal” gland, we would urge 

. caution in the histological interpretation of H&E sec- 

- tions, as stated above. Reliance on the results of the 

fat stain seems more reliable. 

— Nevertheless, in the majority of cases the fat stain 
is merely confirmatory of the H&E sections. In a small, 
but important group, however, this stain provides 
crucial and unequivocal information, not available 
from examining H&E sections. It aids in the differ- 
entiation between normal and equivocally normal 
glands as seen in Cases 1 and 2. Its greatest use, how- 
ever, is in case of hyperplasia, as illustrated in Case 
4, where unequal involvement makes histological in- 
terpretation most difficult. With this technique focally 
hyperfunctioning chief cells, either in diffuse or nodular 
form, can readily be appreciated. Since the comple- 

5. tion of this study, similar variable fat distribution was 

-°= seen in another case of chief cell hyperplasia. | 

Also the fat stain is most useful in those adenoma 
cases (five in total), where for various reasons a 
normal gland was not identified (Case 3), but the 

diagnosis could still be made with an intraoperative 
fat stain by demonstrating ample parenchymal fat in 
capsular parathyroid tissue. Capsular parathyroid can 
frequently (68%) be identified in adenomas stained 
with H&E. For technical reasons, however, the H&E 
stained frozen section preparation is less accurate in 
demonstrating capsular parathyroid, a much greater 
accuracy being achieved with oil-red-O stain. 

The overall importance of accurately categorizing 
the pathology of diseased parathyroid glands is its im- 
pact on therapy. Because of the preponderance of 

solitary adenomas in our series and most other series, 

we generally follow the approach recommended by 

.. Roth, et al." The excision of one abnormal gland and 

documentation by biopsy of a coexistent "normal" 

gland is by and large curative, as adenomas are usually 

: solitary. Other authors, due to the finding of a high 
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incidence of "hyperplasia" in their series, recommend 
biopsy of all parathyroid glands'* or subtotal para- 
thyroidectomy in every case. Based on our ex- 
perience and those of others?!" we consider these two 
approaches to be needlessly excessive, time consum- 
ing, and without apparent benefit to the patient. 
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Successful Management of Early Stroke After Carotid 


Endarterectomy 


JACK H. M. KWAAN, M.D., JOHN E. CONNOLLY, M.D., AND JOHN B. SHAREFKIN, M.D. 


This paper concerns the management of stroke coming on in 
the early postoperative period after successful carotid endarter- 
ectomy. Our experience in effectively reversing hemiplegia in 
three such consecutive patients forms the basis of this report. 
The value of instant reoperation is emphasized, and several 
factors that facilitate urgent reoperation have been identified. 
These include omission of preoperative angiography, im- 
mediate reexploration under local anesthesia, and rapid resto- 
ration of cerebral flow by insertion of a shunt. Our experience 
would indicate that reversal of neurological deficit in such 
patients can be accomplished if reoperation is carried out within 
one hour of onset of stroke. All three patients managed by 
these criteria recovered and were neurologically intact eight 
to twelve months later. These results are in contrast to the 
failure to reverse stroke noted by us and others when the 
above measures were not followed. 


N RECENT YEARS carotid endarterectomy has become 
I a frequently performed vascular surgical procedure. 
Beginning with Eastcott and Rob's classical contribu- 
tion in 1954, rapid advances in the field of carotid surgery 
have occurred both in diagnostic instrumentation as 
well as in operative technique. This has led not only to 


better patient selection but also to improved results. 


Although operative mortality has decreased dramati- 
cally, the reported stroke rate following carotid endar- 
terectomy varies between 2 and 14%.*+ The patient 
who preoperatively suffers from minimal symptoms 
ofa transient ischemic attack but who develops a partial 
or total stroke postoperatively represents a major 
catastrophe. 

Most strokes following carotid surgery occur during 
the operation and are noted at the end of the procedure. 
Adequate cerebral blood flow during operation and care 
to avoid embolization at surgery as well as completion 
angiography should continue to lower the incidence of 
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such iatrogenic stroke. What is less well understood 
and managed ts stroke occurring in the postoperative 
period in a patient who does not manifest neurological 
signs at the end of the operation. Such patients are 
those who develop stroke hours to several days after 
successful carotid endarterectomy. The management 
of postcarotid endarterectomy stroke remains ill de- 
fined, and little information on the subject is available 
in the surgical literature. Our experience in effectively 
reversing neurological deficit occurring in the immediate 
postcarotid endarterectomy period in three consecutive 
patients forms the basis of the present report. 


Case Reports 


Case 1. A 70-year-old man was admitted to the Long Beach Vet- 
erans Administration Hospital with the complaint of amaurosis fugax 
involving the left eye. Angiographic confirmation of an ulcerative 
plaque at the origin of the left internal carotid artery prompted a left 
carotid endarterectomy with initial satisfactory results. Our operative 
technique utilized augmented local anesthesia and the patient was 
mentally clear throughout the procedure with intact motor and sensory 
function to the upper and lower extremities. Twenty-four hours follow- 
ing the operative procedure the patient developed a right hemiplegia. 
The patient was immediately returned to the operating room where 
the wound was re-explored. The internal carotid artery was found 
to be occluded by fresh thrombus which was easily removed with a 
Fogarty catheter. An intra-arterial shunt was then placed, thus re- 
establishing blood flow to his left internal carotid artery within 20 
minutes of the onset of his stroke symptoms. The patient's hemiplegia 
improved with full recovery of all motor function within ten minutes 
after placement of the shunt. The tissues at the operative site, in- 
cluding the wall of the carotid artery, were markedly edematous. 
The luminal diameter of the vessel thus appeared compromised so a 
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--. vein patch was incorporated into the arteriotomy closure. A com- 
^. pletion angiogram was performed which revealed no abnormalities. 
4 The patient continued to be asymptomatic and was well over a fol- 
“low-up period of one year. 
= Case 2. This 64-year-old man had suffered a mild left hemiplegia 
‘ee years prior to admission. Although recovery could be con- 
ered complete, he had recently developed transient ischemic at- 
tacks consisting of episodes of numbness and weakness of the right 
. arm with occasional speech impairment. An angiogram showed sig- 
nificant stenosis of the left internal carotid artery and total occlusion 
of the right internal carotid artery with stenosis of the right external 
carotid vessel. A preliminary right external carotid endarterectomy 
was carried out to augment the cerebral circulation in preparation for 
the left carotid endarterectomy which was performed three days 
later. During the second operation a severe stenosis of the left internal 
carotid artery was found and removed. Despite a totally occluded 
-. right internal carotid artery, the patient tolerated crossclamping of 
the left common carotid artery, and an intra-arterial shunt was not 
. required. He maintained good motor and sensory function to the 
"right side of his body throughout the procedure. However, four 
-hours following transfer of the recovery unit, the patient developed 
.right hemiplegia. Immediate re-exploration was undertaken. Al- 
hough no stenotic or intimal defects were noted, the internal carotid 
y was thrombosed. The clot was removed with the use of a 
Fogarty catheter, and an intra-arterial shunt was placed to re-estab- 
lish the left carotid circulation. A completion angiogram revealed no 
- abnormalities. The patient regained full function of his right upper 
-and lower extremities before leaving the operating room. The interval 
between the onset of his hemiplegia and the re-establishment of his 
left carotid circulation was 30 minutes. This patient has been well 
over a follow-up period of eight months. 
Case 3. An 80-year-old man entered the hospital for resection of 
a large abdominal arotic aneurysm. Following admission the patient 
indicated that he had had a stroke ten years previously involving 
the right brain with a mild hemiparesis which had resolved com- 
pletely. More recently he sustained the sudden onset of complete 
right monocular blindness. An angiogram revealed a high grade right 
internal carotid stenosis and a large ulcerated plaque at the origin 
of the left internal carotid artery. A right carotid endarterectomy 
and subsequent abdominal aortic aneurysmectomy were performed. 
Although the patient made an uneventful recovery, Hollenhorst 
plaques were subsequently noted on retinal examination of the left 
eye. Ashe already had near total blindness of his right eye, it was 
elected to remove the ulcerative lesion from his left carotid artery in 
order to prevent possible visual impairment of his remaining good 
eye through embolization. At operation a large ulcerated plaque 
involving the left internal carotid artery was found. Although the 
internal carotid stump pressure was only 5 mmHg, the patient demon- 
strated no neurological deficit during carotid crossclamping and intra- 
arterial shunting was not necessary. The patient was neurologically 
normal at the end of operation but shortly after his return to the 
recovery unit he developed flaccid paralysis of the right upper ex- 
tremity. Immediate reoperation was undertaken and several small 
loosely adherent clots were removed from the internal carotid artery. 
The internal carotid circulation was reconstituted approximately 45 
minutes from onset of paralysis. There was steady improvement 
of his right arm weakness and he had completely recovered on dis- 
charge a week later. At one year follow-up he continued to be neuro- 
logically intact. 












Discussion 


Management of patients with acute neurologic de- 
ficit coming on early after successful carotid endar- 
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terectomy is not dissimilar to the treatment of the acute 
or progressive stroke. The high mortality associated 
with early operation for acute stroke has led vascular 
surgeons to abandon operation on such patients until 
at least six weeks after the onset of stroke. The hazard 
of producing a fatal red infarct following revasculariza- 
tion continues to be the principal deterrent to such 
active surgical intervention. For this reason we have 
been cautious in recommending surgical exploration 
for either acute strokes or for strokes occurring during 
carotid endarterectomy. 

In patients who were reoperated on for stroke coming 
on early after carotid endarterectomy, delay in surgical 


intervention often resulted from the surgeon's procras- 


tination and from time required for confirmative angiog- 
raphy, scheduling, or general anesthetic induction. In 
reviewing our past experience, we have had eight pa- 
tients who developed acute neurologic deficit in the 
early postoperative period after successful carotid end- 
arterectomy, six of whom we re-explored. Such re- 
exploration occurred only after angiography was ob- 
tained which delayed reoperation for more than three 
hours following development of the neurological symp- 
toms. Two of these six patients died in the immediate 
postoperative period and the remaining four did not 
recover from their hemiplegia. Najafi and associates? 
also described seven patients who developed stroke 
following successful endarterectomy. Although pertinent 
details of these patients were not included, only two 
of their seven patients, namely those who were reop- 
erated on within one hour of onset of hemiplegia, 
showed total recovery of their neurological deficit. 
Our more recent experience as outlined in the case 
reports above suggests that immediate reoperation is 
the proper course to follow in stroke that had its onset 
soon after successful carotid endarterectomy. Re-es- 
tablishment of the carotid circulation occurred within 
45 minutes in all three patients cited in this report. 
The major factor that appears to have contributed 
to the favorable recovery in our patients was immediate 
operation within one hour of onset of stroke. This was 
made possible by omitting a confirmative angiogram. 
The use of local anesthesia for re-exploration also al- 
lowed early access to the occluded vessel since the time 
for induction of general anesthesia was eliminated. We 
recommend the use of local anesthesia supplemented 
with intravenous sublimaze for reoperation. This tech- 
nique, described in a previous report by us,' is not 
only expeditious but avoids blood pressure changes 
that may occur during general anesthetic induction, 
which may be of critical importance in a stroke patient. 
Finally, prompt intra-arterial shunting allowed rapid 
reversal of neurological deficit. This additional modality 
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provided ample time for vascular reconstruction, 
patching, or inspection for other sources of thrombosis 
such as intimal dissection. 

The cause of the postoperative thrombosis in these 
three patients cannot be clearly identified. While Case 1 
at re-exploration appeared to show some adventitial 
thickening with narrowing necessitating a vein patch, 
Cases 2 and 3 did not show any apparent cause such as 
an intimal flap. Although our technique included ad- 
ministration of intravenous heparin prior to carotid 
crossclamping, we did not employ intraoperative heparin 
irrigation of the endarterectomy site. Subsequent to 
these cases, we have instituted the use of local heparin 
irrigation immediately prior to arteriotomy closure as a 
possible preventative measure against postoperative 
thrombosis. 

In conclusion, the value of instant reoperation is 
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emphasized in the patient with acute neurologic deficit 
coming on during the early postoperative period fol- 
lowing successful carotid endarterectomy. Several fac- 
tors that facilitate urgent reoperation have been identi- 
fied. Our experience would indicate that reversal of 
stroke in such patients can be accomplished if reop- 
eration is carried out within one hour of onset of stroke. 
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FERGUSON'S SURGERY 
OF THE AMBULATORY PATIENT 


Edited by Mark W. Wolcott, M.D. 


Here is the fifth edition of a clinically oriented volume 
providing a clear "how to do it" approach covering 
most of the simpler conditions of the skin, bones, 
joints, and bursa in a succinct, easy-to-follow style. 

For this revision the material on fracture and on soft 
tissue is consolidated, making reference to this infor- 
mation much easier. New chapters include 
Cryosurgery, and Shunts and Fistulas for 
Hemodialysis. Ambulatory Gynecology is a new sub- 
ject to this edition, and the chapter on Snake Bite and 





Insect Bites is totally rewritten and enlarged. 

This popular volume has served as a guide to the 

doctor in the subject of “minor surgery” for more than 

thirty years. 

Surgery, Gynecology and Obstetrics said of the previ- 

ous edition: "This book covers the field . . . admirably, 

and it is an invaluable work for every surgeon who 

treats patients in his office." 
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This work, a contribution of recognized authorities 
writing from their own surgical experience, is a classic 
blend of basic scientific knowledge and advanced 
surgical techniques. Chapters range from Hyperlipo- 
proteinaemia and Vascular Disease to Micro Vascular 
Surgery. 

Full attention is given to anatomy and physiology, 
etiology, pathology, signs and symptoms, laboratory 
tests and such sophisticated modalities as u/trasound 
flow detectors, angiography, phlebography, differen- 
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results of arterial reconstruction in various anatomical 
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cular surgery. 

"...8 pleasure to read. It is of particular value to the 
surgeon interested in vascular disease, but it is also an 
excellent review book for all interested in newer trends 
in vascular surgery."—The Lancet. 

447 pages / 143 illustrations / 1973 / $21.00 





Philadelphia, Pa. 19105 


Qj PERIPHERAL VASCULAR SURGERY ....coiesous re o chains RE beees eens ese esate T RLERA RR RR E RER ES n $21.00 


- —————————— 


O Payment enclosed 
(Save postage & handling) 
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What cancer can't kill: 


HOPE. LOVE. COMPASSION. DIGNITY. 
TENDERNESS. UNDERSTANDING. 


Because now there's a book of sound advice 
for evervone whose loved one has cancer. 


How do you cope with cancer when someone you 
care for is the victim? How can you deal with the 
anger, fear and anxiety? Until now, the answer was 
a vague one. Today, however, there is a book—by 
an expert—that is a straightforward, wise, human 
discussion that can truly help you. It avoids both 
extreme anxiety and passive acceptance, looking 
for a middle way of reacting that may actually 
improve the chances of a cure. 


Doing for yourself — with 
the help of an expert. 


Out of the experience of thousands of patients, 
Dr. Cantor talks about every emotional conse- 
quence of the cancer experience. He discusses such 
vital emotional issues as faith in the physician; fear 
of abandonment; the process of restitution; the 
failure of treatment; how different types of 
marriages and family relationships are likely to 
respond; handling depression, and much more. Just 
about everything you could ever want to know, 
every piece of advice you could ever need, is con- 
tained in And A Time to Live. 

If you need help getting through your experience 
with cancer in someone you love, you need this 
book. It will help you have the kind of hope you 
never thought possible. 


"A fine and useful book, unusual in its scope, 
insight, and compassion." 
—ALLEN B. WHEELIS, MD., 
author of The Seeker 


"An extraordinarily fine book . . . It is full of 
vitally important information and wise 
counsel for people who have cancer and for all 
who relate to them as professionals, family 
members, or friends." 

—NEVITT SANFORD, author of 
The Authoritarian Personality 


AND A TIME TO LIVE 
Toward Emotional Well-Being During the Crisis of Cancer 
by Dr. Robert Chernin Cantor 
$10.95 


HARPER & ROW, Publishers 
Attn: R. Brengel 

10 East 53rd Street 

New York, N.Y. 10022 


Please send me | . copies of And A Time to Live (à $10.95 
per copy plus 75¢ for postage and handling. If not satisfied, | 
may return the book(s) within 10 days for a full refund. I enclose 
O check O money order in the amount of $ 
total. (Please add applicable sales tax.) 
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Tablets 


PERCODAN 
oxycodone with APC @ 
-D a 





Tablets 





oxycodone with APC GC 


Brief Summary of Prescribing Information 


INDICATIONS For the relief of moderate to moderately severe pain. 


CONTRAINDICATIONS Hypersensitivity to oxycodone. aspirin, phenacetin or 
caffeine 


WARNINGS Drug Dependence Oxycodone can produce drug dependence of 
the morphine type and. therefore, has the potential for being abused 
Psychic. dependence, physical dependence and tolerance may develop 
upon repeated administration of PERCODAN* and PERCODAN*-Demi. and 
it should be prescribed and administered with the same degree of caution 
appropriate to the use of other oral narcotic-containing medications. Like 
other narcotic-containing medications, PERCODAN* and PERCODAN* 

Demi are subject to the Federal Controlled Substances Act. 


Usage in ambulatory patients Oxycodone may impair the mental and/or 
physical abilities required for the performance of potentially hazardous 
tasks such as driving a car or operating machinery. The patient using 
PERCODAN* and PERCODAN*-Demi should be cautioned accordingly 


Interaction with other central nervous system depressants Patients 
receiving other narcotic analgesics, general anesthetics, phenothiazines, 
other tranquilizers, sedative-hypnotics or other CNS depressants (includ- 
ing alcohol) concomitantly with PERCODAN* and PERCODAN*-Demi may 
exhibit an additive CNS depression When such combined therapy is con- 
templated. the dose of one or both agents should be reduced 


Usage in pregnancy Safe use in pregnancy has not been established rela- 
tive to possible adverse effects on fetal development. Therefore, 
PERCODAN* and PERCODAN*-Demi should not be used in pregnant 
women unless, in the judgment of the physician, the potential benefits 
outweigh the possible hazards 


Usage in children PERCODAN* should not be administered to children 
PERCODAN* -Demi, containing half the amount of oxycodone, can be con- 
sidered 


Salicylates should be used with caution in the presence of peptic ulcer or 
coagulation abnormalities 


PRECAUTIONS Head injury and increased intracranial pressure The res- 
piratory depressant effects of narcotics and their capacity to elevate 
cerebrospinal fluid pressure may be markedly exaggerated in the presence 
of head injury, other intracranial lesions or a pre-existing increase in 
intracranial pressure. Furthermore, narcotics produce adverse reactions 
which may obscure the clinical course of patients with head injuries 
Acute abdominal conditions The administration of PERCODAN* and 
PERCODAN*-Demi or other narcotics may obscure the diagnosis or clini- 
Cal course in patients with acute abdominal conditions. 


Special risk patients PERCODAN* and PERCODAN*-Demi should be 
given with caution to certain patients suctr as the elderly or debilitated, 
and those with severe impairment of hepatic or renal function, hypothy- 
roidism, Addison's disease, and prostatic hypertrophy or urethral stricture. 
Phenacetin has been reported to damage the kidneys when taken in 
excessive amounts for a long time 


ADVERSE REACTIONS The most frequently observed adverse reactions 
include light-headedness, dizziness. sedation, nausea and vomiting 
These effects seem to be more prominent in ambulatory than in nonambu- 
latory patients. and some of these adverse reactions may be alleviated if 
the patient lies down 

Other adverse reactions include euphoria, dysphoria, constipation and 
pruritus 

DOSAGE AND ADMINISTRATION Dosage should be adjusted according to 
the severity of the pain and the response of the patient. It may occasion- 
ally be necessary to exceed the usual dosage recommended below in 
cases of more severe pain or in those patients who have become tolerant 
to the analgesic effect of narcotics PERCODAN* and PERCODAN*-Demi 
are given orally 

PERCODAN® The usual adult dose is one tablet every 6 hours as needed 
for pain 

PERCODAN *-Demi Adults—One or two tablets every six hours. Children 
12 years and older—One-half tablet every six hours. Children 6 to 12 
years —One-quarter tablet every six hours. PERCODAN®-Demi is not 
indicated for children under 6 years of age 


DRUG INTERACTIONS The CNS depressant effects of PERCODAN* and 
PERCODAN* -Demi may be additive with that of other CNS depressants. 
See WARNINGS 


Aspirin may enhance the effect of anticoagulants and inhibit the urico- 
suric effect of uricosuric agents 


DEA Order Form Required. 6074-1/6078-1BS 


Inc. 


Manati, Puerto Rico ee 


Subsidiary of Endo Laboratories Inc. 
Subsidiary of the DuPont Company 





PHYSICIANS 


Immediate opening for physicians 
who are board qualified, preferably 
certified, in general surgery, oto- 
laryngology and urology at the 
U. S. Public Health Service Hospi- 
tal, Norfolk, VA. Salary range de- 
pendent on qualifications. Federal 





benefits and malpractice coverage. Bg pe i 4 
send Curriculum Vitae to: XOT, wr ie | re 
o underway. 
USPHS Hospital 4i | 


6500 Hampton Blvd. 


Norfolk, VA 23508 


Equal Opportunity Employer 





CHANGE OF ADDRESS 





Change of Address: Please allow 60 days | PEE 
before date of issue for change of address. 


Notification should include the old as well Well-nourished patients generally withstand the stress of 


as the new address, with indication of uncomplicated surgery and return to full activity following 
t a relatively short, predictable convalescence. 


whether the change ii temporary or per Not all patients are so fortunate, however Some confront 


manent. Please give the name of the Jour- surgery debilitated by malnutrition. Others undergo sur- 
l gery with only marginal reserves of body cell mass. These 
nal. are patients at nutritional risk—patients for whom pro- 


nounced weight loss, impaired wound-healing, sup- 
pressed immunocompetence, and increased susceptibility 


to infection are imminent possibilities in the postoperative 
Send Change of Address cards to: period. 


- í How many patients are affected? Recent studies have 
ANNALS OF SURGERY concluded that as many as 5096 of a given surgical popu- 
Circulation Department lation and 4496 of a general medical population may be 
Lippincott/ Harper affected by protein-calorie malnutrition.'? Certainly, the 
PP acne juni p need for aggressive nutritional support has been 
2350 Virginia Avenue documented. 


Hagerstown, MD 21740 


When your assessment of a patient's nutritional status 
indicates that depleted nutritional reserves must be 
replenished prior to surgery or that additional protein and 
energy are required postoperatively, consider... 
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ENSURE® Liquid Nutrition complete, balanced nutrition 
1 Cal/mi) for most surgical patients 


ENSURE 


tion (1.5 Cal/ml) in less volume to help meet the nutritional 
demands of severe stress and trauma 


ENSURE'* OSMOLITE"Isotonic Liquid Nutrition 
the first ready-to-use isotonic liquid feeding (1 Cal/ml) for 
patients particularly sensitive to hyperosmolar feedings 








VITAL* Nutritionally Complete Hydrolyzed Diet a new 
dimension in enteral feeding (1 Cal/ml) for patients with 
impaired gastrointestinal function 





PLUS High Calorie Liquid Nutrition more nutri- 
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ROSS LABORATORIES 
COLUMBUS, OHIO 4324t 


ROSSI Division of Abbott Laboratories, us 








the nutritional status of my patients. 
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SURGICAL 
. ENDOCRINOLOGY 
i Clinical Syndromes 

® 


Edited by 
STANLEY R. FRIESEN, M.D., Ph.D .(Surg.) 
with 28 contributors 


Here is up-to-the-minute, useable information 
on the known endocrine syndromes requiring 
the attention of surgeons and other physicians. 
The book encompasses all the surgically signifi- 
cant endocrinopathies, both common and rare, 
all ages of patients, from the newborn to the 
eiderly, and ali accepted techniques of clinical 
and laboratory diagnosis, as well as surgical and 
conservative management. 


The relevant basic sciences are integrated with 
current diagnostic and therapeutic techniques. 
Each of the contributors is a leading authority 
writing on his own area of special interest. 


Among the unique features of this text you'll 
find an illuminating commentary on each 
chapter by Dr. Friesen... step-by-step diagnos- 
tic flowcharts ... a central table of the humoral 
and biological actions of 20 important endocrine 
syndromes mnemonic names for the 
syndromes . . . diagrammatic illustrations de- 
picting the pathophysiology of each syndrome 
as a composite of clinical findings. 


The volume presents a wealth of extraordin- 
arily current developments, featuring informa- 
tion on such innovative concepts and practices 
as the APUD series of endocrine cells—their 
origin, identification, and clinical applications, 
and the future surgical management of endo- 
crinopathies via transposition and transplan- 
tation of endocrine tissues. 


430 Pages / 110 Illustrations / 1978 / $29.00 






Lippincott 


J. B. LIPPINCOTT COMPANY 
East Washington Square @ Phila., Pa. 19105 


In Canada: J. B. Lippincott Company of Canada Ltd. 
75 Horner Avenue, Toronto, Ontario MBZ 4X7 


Please send me: 
Friesen: SURGICAL ENDOCRINOLOGY .... $29.00 
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a Payment enclosed (Save postage and handling) 
DO Charge and bill me (Plus postage and handling) 
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Quick Reference To 
Surgical Emergencies 


Edited by Gerald W. Shaftan, M.D. 
and Bernard Gardner, M.D. 


This handy manual, packed with clinical data 
in easy-to-use outline form, is designed for in- 


stant use in helping you evaluate the surgical | 


emergency, make the diagnosis and carry out 
the indicated treatment. 

Divided into two broad categories of trau- 
matic and non-traumatic surgical emergencies 
the book systematically covers: Techniques of 
evaluating the patient and applying diagnostic 
criteria... Radiologic procedures that are 
necessary... Anesthesia considerations... 
Fluid and electrolyte replacement. 


The patient evaluating techniques. diagnostic 


steps and surgical treatment are presented 

step-by-step with each individual entry num- 

bered for simplicity. 

Subject matter includes emergencies occurring 

in the areas of general, orthopaedic, neuro- 

logic, ophthalmic, thoracic, plastic, urologic. 

head and neck, and pediatric surgery. 

All who are involved in surgical emergency 

treatment will appreciate this easy-to-use, 

time-saving manual. 

664 Pages e 50 Illustrations » 1974 
Flexible Binding e $23.75 


Lippincott 
J. B. Lippincott Company 
East Washington Square è Phila., Pa. 19105 
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Qj QUICK REFERENCE TO 
SURGICAL EMERGENCIES ............. $23.75 
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(VDC) for Arterial, Venous and Cerebral 


* Vascular evaluation 


: Complete Internal Programs for the 


LEFT AUTOMATIC Evaluation, Interpretation, 
DISPLAY and HARD-COPY PRINT-OUT of 
all PVR SYSTEM Information: 


eo no ec co 


ee Clinical history and findings 
ee PVR Amplitudes 

ee Pressures 

ee Uni- or Bi-directional Doppler 





a ee OPG and CPA data 

78 

ð The VDC is programmed on the basis of 
substantial clinical experience over large 
patient series. It totally sepzrates diagnostic 

a interpretation from the relatively simple and 
easily-taught acquisition of the mechanical 

SIENSIS information obtained from the PVR system. 

The result is OUTSTANDING simplification 

X of CLINICAL INTERPRETATION, and 

: substantial reduction in technician and 
physician time with assured ACCURACY. 

Life Sciences Inc. 


270 Greenwich Avenue 
Greenwich, Connecticut 06830 U.S.A. 
Tel. 203 869-2011 
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Tagamet — Two Years Later: 


Surveillance Program" 


Confirms Performance 
and Safety Profile 












Good to Excellent Symptom Relief 
in Most Duodenal Ulcer Patients 
Surveyed’ 


Each physician was asked to evaluate controls were included in this survey, and 
the safety and symptomatic relief of no attempt to confirm healing was 
‘Tagamet’ therapy in each patient for required. The physicians evaluation of 
whom a case report was submitted. No symptomatic relief was as follows: 


Results of Tagamet Therapy 





in Duodenal Ulcer Patients * As part of an ongoing, worldwide 
Excellent (symptom-tree) 66% monitoring program of ‘Tagamet 
| performance, more than 1,000 phy- 
| Good (symptoms substantially relieved) 2996 sicians from all over the United 
| States were asked to submit case 
Fair (little symptom relief) AG reports on at least 10 outpatients 
Pc VI ADORE) HL OE TU 1 NEN MUNI ORDIN UN y treated with ‘Tagamet’. Informa- 
OOT (poor or no relief) o tion collected included patient 
| 100% history, diagnosis, results of 
| bd therapy, and any adverse effects. 
Data on file, SK&F Medical 
Department. 
13,666 patients, data on file, SK&F SI4GF LAB CO. 
Medical Department. a SmithKline company 


©SK&F Lab Co., 1979 
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PROGRAM |- stand Ot nsi aa ee AS 
l | GDIets, mg. 
TA-102 |, cimetidine mesion 200 mg/2m. 
























Incidence of Most Frequently Reported 
Adverse Effects in 9,907 Patients’ 


Diarrhea The nature and incidence of adverse 


effects reported did not differ 


1.0% 








Nausea/ Vomiting 0.8% significantly from those seen in the 
— ' premarketing clinical studies. See brief 
Dizziness 0.3% summary of prescribing information. 
R ash TT O 39 *Data on file, SK&F Medical Department. 
' O 
Headache 0.2% 
Gynecomastia 02% 
Constipation 0.2% 
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A few cases of reversible confusional 
states have been reported, usually in 
elderly or severely ill patients. A few 
cases of neutropenia have been 
reported, but no causal relationship 
could be established. 





Dosage in Duodenal Ulcer 
The recommended dosage is 300 mg. four times 


a day, with meals and at bedtime. Treatment 
periods should not exceed eight weeks. 


While healing may occur during the first week 
or two, ‘Tagamet’ therapy should be continued 
for four to six weeks unless healing has been 
confirmed. 


Concomitant antacids should be given as 
needed for relief of pain. 


Dosage should be reduced in patients with 
impaired renal function. 


Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief summary. 


Indications: ‘Tagamet’ (brand of cimetidine) is indicated in the 
short-term (up to 8 weeks) treatment of duodenal ulcer; and in 
the treatment of pathological hypersecretory disorders (ie. 
Zollinger-Ellison syndrome, systemic mastocytosis and multiple 
endocrine adenomas). Concomitant antacids should be given 
as needed for relief of pain. Studies to date do not provide 


evidence of the safety of cimetidine in uncomplicated duodenal 


ulcer beyond 8 weeks. 

Contraindications: There are no known contraindications to 

the use of Tagamet. 

Precautions: In a 24-month toxicity study in rats at dose levels 
approximately 9 to 56 times the recommended human dose, 

benign Leydig cell tumors were seen. These were common in 


both the treated and control groups, andthe incidence became 





brand of 


cimeti 


significantly higher only in the aged rats receiving ‘Tagamet 
Reproduction studies 1n animals have shown no evidence of 
impaired mating performance or fertility. 


Symptomatic response to ‘Tagamet’ therapy does not preclude 
the presence of a gastric malignancy. 
Potentiation of warfarin-type anticoagulants has been observed 
with concomitant ‘Tagamet’ administration. For this reason, close 
monitoring of prothrombin time is recommended, and adjust- 
ment of the anticoagulant dose may be necessary when these 
drugs are administered concomitantly. 
Lack of experience to date precludes recommending ‘Tagamet’ 
for use in pregnant patients, women ot childbearing potential. 
nursing mothers or children under 16 unless anticipated benefits 
outweigh potential risks; generally, nursing should be discon- 
tinued in patients taking the drug. 
Adverse Reactions: Diarrhea, muscular pain, dizziness, rash, 
mild gynecomastia. A few cases of reversible confusional states 
have been reported, usually in elderly and/or severely ill 
patients. A few cases of neutropenia have been reported, but 
no causal relationship could be established. Increased serum 
transaminase and creatinine, as well as rare cases of fever and 
interstitial nephritis, have been reported: these cleared on with- 
drawal of the drug. 
How Supplied: Pale Green Tablets: 300 mg. tablets in bottles of 
100 and Single Unit Packages of 100 (intended for institutional 
use only). 


Injection: 300 mg./2 ml. insingle-dose vials and in 8 ml. multiple- 


dose vials, in packages of 10. 
Date of issuance Mar. 1979 


SK&F LAB CO., Carolina, PR. 00630 


gamet 


din " Tablets, 300 mg. 
mind le Injéction, 300 mg./2 ml. 
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Description: Dilaudid is hydromorphone, a hyc dro- 
genated ketone of mc rphine 

indications: For relief of moderate to severe pain 
Contraindications: Suspecte ad increased intracr 


nial oressure, status asthmaticus 


Warnings: May be habit forming with a potential for 


a 


addiction equivalent to morphine in equi-analgesic 
oses. Tolerance may also occur. As with all narcot 
42% - A y 

ics, use in early pregnancy only when expected bene 


| ts outweigh riSKS 


Adverse Effects: Nausea, vomiting, diarrhea, con 
tipation, anorexia and somnolence may occur al 
though unlikely with appropriate dose selection 


Dosage and Administration: Dosage must be indi- 


qualizea The usual adt dose is 2 mg every 4-6 


for moderate to moderat tely SG- 
vere pain, 3-4 mg or more every 


hours, as necessary 
vere pain For more se 


4-6 hours, as necessary, may be required 
Tree of Overdosage: f overdosage is treated 
Nthin an nour, emesis and gastric lavage Snes De 


Miss pted. Special attention SI 


ration and. H 


hould be QV 
hp sai dederat urs, it máy De an 
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; " AS zb £t o aF COME ^ . I p n 
(Nal! nes) Merck Sharp. & Dohme or levallorphan 


tartrate (1 Onan”) Roche. as recommended by the 

manutacturel Ott ler supportive measures should be 
applied when indicated 

How Supplied: ‘Dilaud d HC! color coded tablets 

(NOT FOR INJECTION) imprinted with K logo on one 


The first step after injectables in post-op analgesia. 


side and potency on other side as follows: green — 1 
mg; orange— 2 mg; Sink 3 mg and yellow —4 mg 
Available in: 1 mg — bottles of 100 (NDC 0044-1021 
02), 2 mg- bottles of 100 (NDC #0044-1022-02) and 
500 (ND 33 0044-1022- 93) 3 mg — bottles of 100 
(NDC #00¢ 44-1023-02), 4 mg—bottles of 100 (NDC 
#0044 -1024- )2) and 500 (NDC #0044-1024-03) 


Knoll Pharmaceutical Company 
Whippany, New Jersey 07981 
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In a recent study, regular pancreatic 
enzyme tablets, such as Viokase, — 


were found to be nearly three times as 
effective as enteric-coated tablets in 
correcting steatorrhea.' Theoretically, 
the enteric coating protects the en- 
zymes from the stomach's acidity and 
releases them in the alkaline environ- 
ment of the small intestine. But in pa- 
tients with pancreatic insufficiency, 
the duodenum and upper jejunum are 
often acidic.? As a result, enteric coat- 
ings “...may reduce the clinical effec- 
tiveness of the pancreatic extracts” ' 


Another study reports that, "In the 
dosages used, neither enteric-coated 
enzymes nor supplemental neutraliz- 
ing antacids were more effective than 
pancreatin alone in decreasing steator- 
rhea or improving duodenal enzyme 
delivery."? The authors tentatively con- 
clude that “...acid-resistant enteric- 
coated preparations are helpful only in 
selected cases in which postprandial 
intragastric pH is uniformly low"? Thus, 
enteric-coated preparations appear to 
have limited usefulness in the treat- 
ment of exocrine pancreatic insuffi- 
ciency, and when they are used, their 
effectiveness should be tested by deter- 
mination of the response of steatorrhea.' 


Viokase still costs less 

Based on figures published in the 1979 
Drug Topic Redbook, daily therapy 
with Viokase can cost your patients 
less than half the price of enteric- 
coated products...and the effective- 
ness of Viokase is confirmed by over 
25 years of clinical experience. 


VIOKASE® (pancreatin) 


Description: VIOKASE is a pancrea- 
tic enzyme concentrate of porcine ori- 


gin containing standardized amylase, 
protease and lipase activities plus 
esterases, peptidases, nucleases and 
elastase. 


The enzyme potency of the tablets and 
powder are: 


Each 325 mg. Each 0.75 gram 

Tablet (Y teaspoonful) 
Lipase, N.F Units 6,500 15,000 
Protease, N.F Units 32,000 75,000 
Amylase, N.F Units 48,000 112,500 


Under conditions of the N.F. test 
method (in vitro) VIOKASE has the 
following total digestive capacity: 





Each 325 mg. Each 0.75 g. 
Tablet Powder 
Dietary Fat 23 93 grams 
Dietary Protein 32 75 grams 
Dietary Starch 48 112 grams 


VIOKASE Tablets are not enteric coated. 


Indications: As a digestive aid in cys- 
tic fibrosis and in exocrine pancreatic 
deficiencies usually due to chronic 
pancreatitis, pancreatectomy or 
obstruction in the pancreas caused by 
malignant growth. 


Administration and Dosage: 
Powder: Dosage to patients with cys- 
tic fibrosis: Ys teaspoon (0.75 grams) 
with meals. 


Tablets: Dosage to patients with cystic 
fibrosis or chronic pancreatitis —1 to 3 
tablets with meals. For aiding diges- 
tion in patients with pancreatectomy or 


- Each 325 mg. Tablet contains: a pee NE Units 6. 500; Protease, N. F Units 32, 000: Amylase, N. F Units 48,000 


gastrectomy—1 to 2 tablets taken at 
2-hour intervals, or as directed by 
physician. 

Caution: Federal law prohibits dis- 
pensing without prescription. 


Warnings: Avoid inhalation of powder. 


Precautions: Use with caution in pa- 
tients known to be allergic to pork 
protein. 


How Supplied: 

Powder: Bottles of 4 ounces and 8 
ounces 

Tablets: Bottles of 100 and 500 


Literature Available: Complete liter- 
ature available upon request including 
information on BEEF VIOKASE DE- 
RIVED FROM BEEF PANCREAS FOR 
THOSE EXCEPTIONAL PATIENTS AL- 
LERGIC TO PORK. 


1. Graham, David Y.. M.D.: Enzyme Replacement Therapy 
of Exocrine Pancreatic Insufficiency in Man: N. Engl J 
Med 296: 1314-1317, 1977 


2. Benn, A. and Cooke, W.T.: Intraluminar pH of 
Duodenum and Jejunum in Fasting Subjects with Normal 
and Abnormal Gastric or Pancreatic Function. Scand J 
Gastroenterol 6: 313-317, 1971 


3. Regan, Patrick T., M.D., Malagelada, Juan-R. M.D., 
DiMagno, Eugene P., M.D., Glanzman, Scotty L. and Go, 
Vay Liang W., M.D.: Comparative Effects of Antacids. 
Cimetidine and Enteric Coating on the Therapeutic Re- 
sponse to Oral Enzymes in Severe Pancreatic Insuffi- 
ciency; N. Eng! J. Med 297: 854-858, 1977 


©1979 Viobin Corp. 


VIOBIN CORPORATION 


A Subsidiary of A.H. Robins Company 
Monticello, IL 61856 
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Each 325 mg. Tablet contains: s: Lipase, : N F Units 6,500; F DEER NF F. Units 320 


In a recent study, regular pancreatic 
enzyme tablets, such as Viokase, 
were found to be nearly three times as 
effective as enteric-coated tablets in 
correcting steatorrhea.' Theoretically, 
the enteric coating protects the en- 
zymes from the stomach's acidity and 
releases them in the alkaline environ- 
ment of the small intestine. But in pa- 
tients with pancreatic insufficiency, 
the duodenum and upper jejunum are 
often acidic.? As a result, enteric coat- 
ings “...may reduce the clinical effec- 
tiveness of the pancreatic extracts”! 


Another study reports that, "In the 
dosages used, neither enteric-coated 
enzymes nor supplemental neutraliz- 
ing antacids were more effective than 
pancreatin alone in decreasing steator- 
rhea or improving duodenal enzyme 
delivery."? The authors tentatively con- 
clude that "...acid-resistant enteric- 
coated preparations are helpful only in 
selected cases in which postprandial 
intragastric pH is uniformly low"? Thus, 
enteric-coated preparations appear to 
have limited usefulness in the treat- 
ment of exocrine pancreatic insuffi- 
ciency, and when they are used, their 
effectiveness should betested by deter- 
mination of the response of steatorrhea. ' 


Viokase still costs less 

Based on figures published in the 1979 
Drug Topic Redbook, daily therapy 
with Viokase can cost your patients 
less than half the price of enteric- 
coated products...and the effective- 
ness of Viokase is confirmed by over 
25 years of clinical experience. 

















- VIOKASE* (pancreatin) - 


Description: VIOKASE is a pancrea- 


tic enzyme concentrate of porcine ori- 
gin containing standardized amylase, 
protease and lipase activities plus 
esterases, peptidases, nucleases and 
elastase. 


The enzyme potency of the tablets and 
powder are: 


Each 325 mg. Each 0.75 gram 

Tablet (Ys teaspoonful) 
Lipase, N.F Units 6,500 15,000 
Protease, N.F. Units 32,000 75,000 
Amylase, N.F Units 48,000 112,500 


Under conditions of the N.F. test 
method (in vitro) VIOKASE has the 
following total digestive capacity: 





Each 325 mg. Each 0.75 g. 
Tablet Powder 
Dietary Fat 23 93 grams 
Dietary Protein 32 75 grams 
Dietary Starch 48 112 grams 


VIOKASE Tablets are not enteric coated. 


Indications: As a digestive aid in cys- 
tic fibrosis and in exocrine pancreatic 
deficiencies usually due to chronic 
pancreatitis, pancreatectomy or 
obstruction in the pancreas caused by 
malignant growth. 


Administration and Dosage: 
Powder: Dosage to patients with cys- 
tic fibrosis: Vs teaspoon (0.75 grams) 
with meals. 


Tablets: Dosage to patients with cystic 
fibrosis or chronic pancreatitis —1 to 3 
tablets with meals. For aiding diges- 
tion in patients with pancreatectomy or 





000; Amylase, N N. F Units 48,000 


gastrectomy —1 to 2 tablets taken at 
2-hour intervals, or as directed by 
physician. 

Caution: Federal law prohibits dis- 
pensing without prescription. 


Warnings: Avoid inhalation of powder. 


Precautions: Use with caution in pa- 
tients known to be allergic to pork 
protein. 


How Supplied: 
Powder: Bottles of 4 ounces and 8 


ounces 
Tablets: Bottles of 100 and 500 


Literature Available: Complete liter- 
ature available upon request including 
information on BEEF VIOKASE DE- 
RIVED FROM BEEF PANCREAS FOR 
THOSE EXCEPTIONAL PATIENTS AL- 
LERGIC TO PORK. 


1. Graham, David Y., M.D.: Enzyme Replacement Therapy 
of Exocrine Pancreatic Insufficiency in Man: N. Engl J 
Med 296: 1314-1317, 1977 


2. Benn, A. and Cooke, W.T.. Intraluminar pH of 
Duodenum and Jejunum in Fasting Subjects with Normal 
and Abnormal Gastric or Pancreatic Function. Scand J 
Gastroenterol 6: 313-317, 1971 


3. Regan. Patrick T., M.D., Malagelada, Juan-R. M.D 
DiMagno, Eugene P, M.D., Glanzman, Scotty L. and Go, 
Vay Liang W., M.D.: Comparative Effects of Antacids. 
Cimetidine and Enteric Coating on the Therapeutic Re- 
sponse to Oral Enzymes in Severe Pancreatic Insuffi- 
ciency; N. Eng! J. Med 297: 854-858, 1977 
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Torecan can help control nausea 
and vomiting with dual action:* 
1) against circulating emetics 


(atthe CTZ) 


-.. 2 against emetic sights, emotions, 
and organ insults (at the TVC) 


In using Torecan, the physician 


should consider the adverse 


reactions which are associated 
with the drug specifically and 


phenothiazines generally.** 








can 


(thiethyloerazine) e 


inthe gut. 


tranquilizer. 


symptoms. 


Trigger Zone. 


a Its not for sedative use. 
a It's not intended as a 


a It's not an antihistamine. 
a It's not intended for psychotic 


*As shown in animal studies; TVC —True 
Vomiting Center, CTZ — Chemoreceptor 


**Please see brief summary for detailed 


information concerning potential 


adverse reactions. 


injectable —10 mg/2mi (thiethylperazine malate, NF) 


for IM injection only 


ouppositories— 10mg (thiethylperazine maleate, NF) 


Tablets——10 mg (thiethylperazine maleate, NF) 


Torecan® (thiethylperazine) 
Tablets, Suppositories and Injection 
Contraindications: Severe CNS depression. 
comatose states, and in patients who have 
demonstrated a hypersensitivity to phenothiazines 
{e.g., blood dyscrasias, jaundice). Because 
severe hypotension has been reported after the 
intravenous administration of phenothiazines, this 
route of administration is contraindicated. The 
drug is contraindicated in pregnancy. 
Warnings: Phenothiazines are capable of 
potentiating CNS depressants as well as atropine 
and phosphorous insecticides. The drug may 
impair mental and/or physical ability required in 
the performance of potentially hazardous tasks 
such as driving a car or operating machinery. 
Postoperative Nausea and Vomiting: When used 
to control postoperative nausea and vomiting in 
patients undergoing elective surgical procedures, 
restiessness and postoperative CNS depression 
during anesthesia recovery may occur. Possible 
postoperative complications of a severe degree of 
any of the known reactions of this class of drug 
must be considered. Postural hypotension may 
occur after an initial injection, rarely with the 
tablet or suppository. Do not use with epinephrine 
in the treatment of drug-induced hypotension as 
< phenothiazines may induce a reversed epinephrine 
^. affect. The most suitable vasoconstrictor agents 
. gre ievarterenol and phenylephrine. The use of 
. torecan has not been studied folowing intra- 
|. cardiac and intracranial surgery. Not recom- 
. mended for use in chidren under 12 years of age, 
.. Qr in nursing mothers since safety and efficacy 
have not been established. 


Precautions: Convulsions and abnormal move- 
ments such as extrapyramidal symptoms have 
occurred. The varied extrapyramidal symptom 
complex is more likely to occur in young adults 
and children. Extrapyramidal effects must be 
treated by reduction of dosage or cessation of 
medication. For treatment of nausea and/or 
vomiting associated with anesthesia and surgery, 
the drug shouid be administered by deep intra- 
muscular injection at or shortly before the 
termination of anesthesia. 


Adverse Reactions: CNS. convulsions, extra- 
pyramidal symptoms such as dystonia, tarticollis, 
oculogyric crisis, akathisia and gait disturbances, 
occasional cases of dizziness, headache. fever 
and restlessness have been reported. 

Drowsiness may occur initially on injection but is 
usually alleviated by a reduction in dosage. 
Dryness of the mouth and nose, blurred vision, 
tinnitus; sialorrhea and altered gustatory sensa- 
tion. Peripheral edema of the arms, hands and 
face. Cholestatic jaundice; cerebral vascular 
spasm and trigeminai neuralgia have been 
reported occasionally. The foliowing have occurred 
with phenothiazine derivatives and should be 
considered agranulocytosis, leukopenia, 
thrombocytopenia, aplastic anemia, pancytopenia, 
eosinophilia, leukocytosis; miosis, obstipation, 
anorexia, paralytic ileus: erythema, exfohative 
dermatitis and contact dermatitis; jaundice, biliary 
stasis. Hypotension, rarely leading to cardiac 
arrest; ECG changes. Akathisia, agitation, motor 
restiessness, dystonic reactions, trismus, torti- 
Collis, opisthotonos, oculogyric crises, tremor. 
muscular rigidity, akinesia, some of which have 





persisted for several months or years especially 
in patients of advanced age with brain damage. 
Menstrual irregularities, altered libido, gyneco- 
masta, weight gain: faise positive pregnancy 
tests. Urinary retention. incontinence; fever, 
laryngeal edema and angioneurotic edema, asthma, 
Hyperpyrexia, behavioral effects suggestive of a 
paradoxical reaction, including excitement, bizarre 
dreams, aggravation of psychoses and toxic 
confusional states. ECG changes. While there is 
no evidence that ECG changes are in any way 
precursors of any significant disturbance of 
cardiac rhythm, sudden and unexpected deaths 
apparently due to cardiac arrest have been 
reported in a few instances in hospitalized 
psychotic patients previousty showing character- 
istic ECG changes. A peculiar skin-eye syndrome, 
which is marked by progressive pigmentation of 
areas of the skin or conjunctiva and/or accom- 
paned by discoloration of the exposed sclera and 
cornea, has also been recognized as a side effect 
following long-term treatment. Opacities of the 
anterior lens and cornea described as irregular or 
stellate in shape have also been reported. 

Drug interactions. Phenothiazines are capable of 
potentiating CNS depressants (e.g., anesthetics, 
opiates, alcohol, etc.) as well as atropine and 
phosphorous insecticides. The drug may induce a 
reversed epinephrine effect on occasion. 

For complete details, please see full prescribing 
information. 


Boehringer Ingelheim 
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ptimal anti | 
BETADINE Microbicides promptly ki 
Medie positive and gram-negative bacteria, 


ungi, viruses, protozoa and yeasts. antisepsi for 
BETADINE Microbicides have been 


documented specifically by name—and in the and prepping 
same formulations you employ in practice— | 


ir over 650 published reports encompassing 
thousands of clinical procedures. 

BETADINE Microbicides were also chosen 
by NASA for disinfection procedures in Apollo 
splashdowns and in the Skylab mission. 


icrobicides for 


confi ence "In the rare instances of local irritation or sensitivity, 
BETADINE Surgical Scrub*—for surgical discontinue use by the individual. 


scrubbing and patient degerming. 
BETADINE Solution or BETADINE 


Aerosol Spray—for patient prepping and Purdue Frederick 
postoperative antisepsis on incisions. ©Copyright 1979, The Purdue Frederick Company/Norwalk, CT 06856 
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may be implicated 

n a number of clinical situations, 

ncluding... 
septic abortions 
deep wounds 

=» bacteremia 

metastatic or other abscesses in association 
with thromboembolic phenomena 


Sensitivity testing is always Under normal conditions, bacte- 

recommended prior to instituting roides are benign. But in infectious 

therapy with Chloromycetin situations they can be extremely 

(chloramphenicol). However, in virulent. 

some situations, it may be neces- | Fortunately, most bacteroides 

sary to administer Chloromycetin | infections are susceptible to 

before sensitivity tests have been Chloromycetin (chlorampheni- 

completed. col) therapy. Yet, all too often their 
presence goes undetected. So 


Bacteroides are the most prevalent today, many authorities recommend 


microbial flora of man. They are early—and vigorous—treatment 
anaerobic, aero-intolerant, non- with Chloromycetin when the 


sporeforming, nonmotile, gram- clinical Impression suggests thata 
negative bacilli. They most often Bacteroides infection is present. 
appear in mixed infections, and are Chloromycetin must be used only 
highly opportunistic. Further, they in those serious infections for 
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drugs are ineffective or 
contraindicated. 


But when bacteroides are impli- 
cated, Chloromycetin (chloram- 
phenicol) therapy may well be the 
conservative course. For, in such 
situations, the benefits-to-risk ratio 
with Chloromycetinis very favorable. 


See next page for full prescribing 
PN 
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often an indication for 


CHLOROMYCETIN 


(chloramphenicol) Sodium Succinate 


PARKE-DAVIS 





Prescribing information—Chioromycetin 
chioramphenicol) Sodium Succinate 
or intravenous administration 


WARNING 

Serious and fatal blood dyscrasias (aplastic 
anemia, hypoplastic anemia, thrombocytopenia, 
and granulocytopenia) are known to occur after 
the administration of chioramphenicol. in addi- 
tion, there have been reports of aplastic anemia 
attributed to chloramphenicol which later termi- 
nated in leukemia. Blood dyscrasias have oc- 
curred after both short-term and prolonged 
therapy with this drug. Chloramphenicol must 
net be used when less potentially dangerous 
agenis wil! be effective, as described in the 
indications section. It must not be used in the 
treatment of trivial infections or where it is not 
indicated, as in colds, influenza, infections of the 
throat; or as a prophylactic agent to prevent 
bacterial infections. 

Precautions: It is essential that adequate blood 
Studies be made during treatment with the drug. 
While blood studies may detect early peripheral 
bibod changes, such as leukopenia, reticulocyto- 
penia, or granulocytopenia, before they become 
irreversible, such studies cannot be relied on to 
detect bone marrow depression prior to develop- 
ment of aplastic anemia. To facilitate appropriate 
studies and observation during therapy, it is 
desirable that patients be hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN. 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE 1S IN- 
TENDED FOR INTRAVENOUS USE ONLY. iT HAS 
BEEN DEMONSTRATED TO BE INEFFECTIVE WHEN 
GIVEN INTRAMUSCULARLY. 


. Caloramphenicol sodium succinate must be hydro- 
lyzed to its microbiologically active form and there is 
a jag in achieving adequate blood levels compared 
with the base given intravenously. 

2. The oral form of chloramphenicol is readily absorbed 
ami adequate blood levels are achieved and main- 
tained on the recommended dosage. 

3. Patients started on intravenous chloramphenicol so- 

dism succinate should be changed to the oral form 

as. soon as practicable. 


DESCRIPTION 

Chloramphenicol is an antibiotic that is clinically use- 
ful fer, and shouid be reserved for, serious infections 
caused by organisms susceptible to its antimicrobial 
effects when less potentially hazardous therapeutic 
agents are ineffective or contraindicated, Sensitivity 
testieg is essential to determine its indicated use, but 
may be performed concurrently with therapy initiated 
on cinical impression that one of the indicated condi- 
tions exists (see Indications section). 

Each gram (10 ml of a 10% solution) of chloram- 
phen:col sodium succinate contains approximately 52 
mg (2.25 mEq) of sodium. 


ACTIONS AND PHARMACOLOGY 


In vio chloramphenicol exerts mainly a bacteriostatic 
effect on a wide range of gram-negative and gram- 
positive bacteria and is active in vitro against rickett- 
sias, the lymphogranuloma-psittacosis group, and Vibrio 
cholerae. it is particularly active against Salmonella 
typhi and Hemophilus influenzae, The mode of action 
is through interference or inhibition of protein syn- 
thesis in intact cells and in cell-free systems. 
Ch/oramphenicol administered orally is absorbed 
rapidiy from the intestinal tract. In controlled studies 
in adalt volunteers using the recommended dosage of 
50 ma/kg/day, a dosage of 1 g every six hours for eight 
doses was given. Using the microbiological assay 
methed, the average peak serum level was 11.2 mcg/ml 
one bour after the first dose. A cumulative effect gave 
a peak rise to 18.4 mcg/ml after the fifth dose of tg. 
Mean serum levels ranged from 8 to 14 mcg/ml over the 
48-hour period. Total urinary excretion of chloramphen- 
icol in these studies ranged from a low of 68% to a 
high of 99% over a three-day period, From 8% to 12% 
of the antibiotic excreted is in the form of free chlor- 
amphenicol: the remainder consists of microbiolog- 
ically inactive metabolites, principally the conjugate 
with educuronic acid. Since the glucuronide is excreted 
rapidiy, most chloramphenicol detected in the blood is 
in the microbiclogically active free form. Despite the 
small proportion. of unchanged drug excreted in the 
urine, the concentration of free chloramphenicol is 
relatively high, amounting to several hundred mcg/m! 
in patients receiving divided doses of 50 mg/kg/day. 
Small amounts of active drug are found in bile and 
feces. Chloramphenicol diffuses rapidly, but its distri- 
bution is not uniform. Highest concentrations are found 
in fiver and kidrey, and lowest concentrations are found 
in brein and cerebrospinal fluid. Chloramphenicol en- 
ters cerebrospinal fluid even in the absence of menin- 
geal inflammation, appearing in concentrations about 
half of those found in the blood. Measurable levels are 
also detected in pleural and in ascitic fluids, saliva, 
milk, and in the aqueous and vitreous humors. Transport 
across the placental barrier occurs with somewhat lower 
concentration in cord blood of newborn infants than 


in maternal blood. 
INDICATIONS 

in accord with the concepts in the Warning Box and 
this indications section, chloramphenicol must be 
used only in those serious infections for which less 
poten'ially dangerous drugs are ineffective or con- 
traindicated. However, chloramphenicol may be 
chosen to initiate antibiotic therapy on the clinical 
impression that one of the conditions below is be- 
lieved to be To in vitro sensitivity tests should 
be performed concurrently so that the drug may be 
discontinued as soon as possible if less potentially 
dangerous agents are indicated by such tests. The 
decision to continue use of chloramphenicol rather 
than another antibiotic when both are suggested by 


oy 


in vitro studies to be effective against a specific 
pathogen should be based upon severity of the in- 
fection, susceptibility of the pathogen to the various 
antimicrobial drugs, efficacy of the various drugs in 
the infection, and the important additional concepts 
contained in the Warning Box above. 
. Acute infections caused by S typhi* 

It is not recommended for the routine treatment of 
the typhoid carrier stata. 
2. Serious infections caused by susceptible strains in 

accordance with the concepts expressed above. 

a) Salmonella species 

b) H influenzae, specifically meningeal infections 

c} Rickettsia 

d) Lymphogranuloma-psittacosis group 

€) Various gram-negative bacteria causing bacte- 
oe meningitis, or other serlous gram-negative infec- 
ions 

f) Other susceptible organisms which have been 
demonstrated to be resistant to all other appropriate 
antimicrobial agents 
3. Cystic fibrosis regimens 


*in the treatment of typhoid fever, some authorities recommend 
that chloramphenicol be administered at therapeutic levels for 8 
to 10 days after the patient has become afebrile to lessen the pos- 
sibility of relapse, 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with 
a history of previous hypersensitivity and/or toxic reac- 
tion to it. /t must not be used in the treatment of trivial 
infections or where it is not indicated, as in colds, in- 
fluenza, infections of the throat; or as a prophylactic 
agent to prevent bacterial infection. 


PRECAUTIONS 

1. Base line blood studies should be followed by peri- 
odic blood studies approximately every two days during 
therapy. The drug should be discontinued upon appear- 
ance of reticulocytopenia, leukopenia, thrombocytope- 
nia, anemia, or any other blood study findings attribut- 
able to chioramphenicol. However, it should be noted 
that such studies do not exclude the possible later 
appearance of the irreversible type of bone marrow 
depression. 

2. Repeated courses of the drug should be avoided 
if at all possibte. Treatment should not be continued 
longer than required to produce a cure with little or no 
risk of relapse of the disease. 

3. Concurrent. therapy with other drugs that may 
cause bone marrow depression should be avoided. 

4. Excessive blood levels may result from administra- 
tion of the recommended dose to patients with im- 
paired liver or kidney function, including that due to 
immature metabolic processes in the infant. The dosage 
should be adjusted accordingly or, preferably, the blood 
concentration. should be determined at appropriate 
intervals. 

9. There are no studies to establish the safety of this 
drug in pregnancy. 

6. Since chloramphenicol! readily crosses the pla- 
cental barrier, caution in use of the drug is particularly 
important during pregnancy at term or during labor be- 
cause of potential toxic effects on the fetus (gray syn- 
drome}. 

7. Precaution should be used in therapy of premature 
and full-term infants to avoid gray syndrome toxicity. 
(See Adverse Reactions.) Serum drug levels should 
be carefully followed during therapy of the newborn 
infant. 

8. Precaution should be used in therapy during lacta- 
tion because of the possibility of toxic effects on the 
nursing infant. 

9. The use of this antibiotic, as with other antibiotics, 
may result in an overgrowth of nonsusceptible organ- 
isms, including fungi. If infections caused by nonsus- 
ceptible organisms appear during therapy, appropriate 
measures should be taken. 


ADVERSE REACTIONS 
1. Blood Dyscrasias 

The most serious adverse effect of chloramphenicol 
is bone marrow depression. Serious and fatal blood 
dyscrasias (aplastic anemia, hypoplastic anemia, throm- 
bocytopenia, and granulocytopenia) are known to occut 
after the administration of chloramphenicol, An irre- 
versible type of marrow depression leading to aplastic 
anemia with a high rate of mortality is characterized by 
ihe appearance weeks or months after therapy of bone 
marrow aplasia or hypoplasia. Peripherally, pancyto- 
penia is most often observed, but in a small number of 
cases only one or two of the three major cell types 
(erythrocytes, leukocytes, platelets) may be depressed. 

A reversible type of bone marrow depression, which 
is dose-related, may occur. This type of marrow depres- 
sion is characterized by vacuolization of the erythroid 
celis, reduction of reticulocytes, and leukopenia, and 
responds promptly to the withdrawal of chloramphenicol. 

An exact determination of the risk of serious and 
fatal blood dyscrasias is not possible because of lack 
of accurate information regarding (1) the size of the 
population at risk, (2) the total number of drug-asso- 
ciated dyscrasias, and (3) the total number of nondrug- 
associated dyscrasias. 

in a report to the California State Assembly by the 
California Medical Association and the State Depart- 
ment of Public Health in January 1967, the risk of fatal 
aplastic anemia was estimated at 1:24,200 to 1:40,500 
based on two dosage levels, 

There have been reports of aplastic anemia attri- 
buted to chloramphenicol which later terminated in 
leukemia. 

Paroxysmal nocturnal hemoglobinuria has also been 
reported. 

2. Gastrointestinal Reactions 

Nausea, vomiting, glossitis and stomatitis, diarrhea 
and enterocolitis may occur in low incidence, 
3. Neurotoxic Reactions 

Headache, mild depression, mental confusion, and 
deiirium have been described in patients receiving 
chioramphenicol. Optic and peripheral neuritis have 
been reported, usually following long-term therapy. if 
this occurs, the drug should be promptly withdrawn. 
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4. Hypersensitivity Reactions 

Fever, macular and vesicular rashes. angioedema, 
urticaria, and anaphylaxis may occur. Herxheimer reac- 
tions have eccurred during therapy for typhoid fever. 
5, "Gray Syndrome" 

Toxic reactions including fatalities have occurred in 
the premature and newborn; the signs and symptoms 
associated with these reactions have been referred to 
as the gray syndrome. One case of gray syndrome 
has been reported in an infant born to a mother having 
received chioramphenicol during labor. One case has 
been reported in a 3-month-old infant. The following 
summarizes the clinical and laboratory studies that 
have been made on these patients: 

a) in most cases, therapy with chloramphenicol had 

been instituted within the first 48 hours of life. 

b) Symptoms first appeared after three to four days 
of continued treatment with high doses of chloram- 
phenicol. 

c) The symptoms appeared in the following order: 

(1) abdominal distension with or without emesis; 

(2) progressive pallid cyanosis; 

(3) vasomotor collapse, frequently accompanied 
by irregular respiration; 

(4) death within a few hours of onset of these 
symptoms. 

d) The progression of symptoms from onset to exitus 
was accelerated with higher dose schedules. 

e) Preliminary blood serum level studies revealed un- 
usually high concentrations of chloramphenicol 
(over 90 mcg/mi after repeated doses). 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery, 


ADMINISTRATION 


Chloramphenicol, like other potent drugs, should be 
prescribed at recommended doses known to have thera- 
peutic activity. Administration of 50 mg/kg/day in di- 
vided doses will produce blood levels of the magnitude 
to which the majority of susceptible microorganisms 
wl respond. 

As soon as feasible, an oral dosage form of 
chioramphenicol should be substituted for the intra- 
wenous form because adequate blood levels are 
achieved with chloramphenicol by mouth. 

The following method of administration is recom- 
mended: 

intravenously as a 10% (100 mg/ml) solution to be 
injected over at least a one-minute interval. This is pre- 
pared by the addition of 10 ml of an aqueous diluent 
Such as water for injection or 596 dextrose injection. 


Adults DOSAGE 


Adults should receive 50 mg/kg/day in divided doses 
at six-hour intervals. in exceptional cases, patients 
with infections due to moderately resistant organisms 
may require increased dosage up to 100 mg/kg/day to 
achieve blood levels inhibiting the pathogen, but these 
nigh doses should be decreased as soon as possible. 
Adults with impairment of hepatic or renal function or 
ooth may have reduced ability to metabolize and ex- 
crefe the drug. In instances of impaired metabolic 
processes, dosages should be adjusted accordingly. 
‘See discussion under Newborn Infants.) Precise con- 
irel of concentration of the drug in the blood should be 
carefully followed in patients with impaired metabolic 
processes by the available microtechniques (informa- 
tion available on request). 

Children 

Dosage of 50 mg/kg/day divided into four doses at 
six-hour intervals yields blood levels in the range effec- 
tiva against most susceptible organisms, Severe infec- 
tions (eg, bacteremia or meningitis), especially when 
adequate cerebrospinal fluid concentrations are desired, 
may require dosage up to 100 mg/kg/day; however, it is 
recommended that dosage be reduced to 50 mg/kg/day 
as soon as possible. Children with impaired liver or kid- 
ney function may retain excessive amounts of the drug. 


Newborn infants 
(See section titled Gray Syndrome under Adverse 
Reactlons.) 

A total of 25 mg/kg/day in four equal doses at six- 
hour intervals usually produces and maintains concen- 
trations in blood and tissues adequate to control most 
infections for which the drug is indicated. Increased 
dosage in these individuals, demanded by severe infec- 
tions, should be given only to maintain the blood con- 
centration within a therapeutically effective range. After 
the first two weeks of life, full-term infants ordinarily 
may receive up to a total of 50 mg/kg/day equally di- 
vided into four doses at six-hour intervals. These dosage 
recommendations are extremely important because 
blood concentration in all premature infants and full- 
term infants under two weeks of age differs from that 
of other infants. This difference is due to variations in 
the maturity of the metabolic functions of the liver and 
the kidneys. 

When these functions are immature (or seriously im- 
paired in adults), high concentrations of the drug are 
found which tend to increase with succeeding doses. 


infants and Children with Immature Metabolic Proc- 
esses 

in young infants and other children in whom imma- 
ture metabolic functions are suspected, a dose of 25 
mg/kg/day will usually produce therapeutic concen- 
trations of the drug in the blood. in this group par- 
ticularly, the concentration of the drug in the blood 
should be carefully followed by microtechniques. (in- 
formation available on request.) 


HOW SUPPLIED 
NOS 0071-1089-10 (Steri-Vial® No. 57) 

Chloromycetin (chloramphenicol) Sodium Succinate 
is supplied as a dried powder in Steri-Vials (rubber- 
diaphragm-capped vials). When reconstituted as di- 
rected, each vial contains a sterile solution equiva- 
ient to 100 mg of chloramphenicol per milliliter 
(1 g/10 ml). Available in packages of 10 vials. 
CHLOROMYCETIN, brand of chloramphenicol, Reg 
US Pat Off RJ 
PD-JA-1280-2-P (2-75) 


PARKE-DAVIS. Division of Warner-Lambert Company, Morris Plains, NJ 07950 
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'. ..it has long been recognized that anxiety, tension, agitation, and apprehension are all capable 


of increasing pain perception... 
Halpern L M: Anxiety and pain in postoperative patients. Hospital Practice (special report), January 1977, pp 31-33. 
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e controls postoperative emesis 


e vital signs are seldom impaired 
(Involuntary motor activity, includ- 
ing rare instances of tremor and 
convulsions, has been reported, 
usually with higher than recommen- 
ded dosage.) 


BRIEF SUMMARY 

VISTARIL? (hydroxyzine hydrochloride) 
Intramuscular Solution/For Intramuscular Use Only 
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in the rat at doses substantially above the human 
therapeutic range. Since adequate data are not 
available to establish safety in early pregnancy, 
hydroxyzine is contraindicated during this period. 
Precautions: HYDROXYZINE MAY POTENTIATE 
THE ACTION OF CENTRAL NERVOUS SYSTEM 
DEPRESSANTS SUCH AS NARCOTICS AND 
BARBITURATES. In conjunctive use, dosage for 
these drugs should be decreased as much as 50"/». 
Because drowsiness may occur, patients should 
be cautioned against driving a car or operating 
dangerous machinery. The usual precautions for 
intramuscular injection should be followed; soft- 
tissue reactions have rarely been reported when 
proper technique has been used. Hydroxyzine 
intramuscular solution should be injected well 
within the body of a relatively large muscle. Inad- 
vertent subcutaneous injection may result in signif- 
icant tissue damage. In adults, the preferred sites 
are the upper outer quadrant of the buttock (i.e., 
gluteus maximus), or the mid-lateral thigh. In 
children, preferably the mid-lateral muscles of the 
thigh. In infants and small children, the upper outer 
quadrant of the gluteal region should only be 
used when necessary, as in burn patients, in order 
to minimize the possibility of damage to the sciatic 
nerve. The deltoid area should be used only if 
well developed, such as in certain adults and older 
children, and then only with caution to avoid radial 
nerve injury. Intramuscular injections should not 
be made in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid 
inadvertent intravascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it 
is usually transitory and may disappear in a few 
days of continued therapy or upon dosage reduc- 
tion. Dryness of the mouth may occur with higher 
doses. Involuntary motor activity, including rare 
instances of tremor and convulsions, has been 
reported, usually with doses considerably higher 
than those recommended. 
Supply: Vistaril (hydroxyzine HCl) Intramuscular 
Solution: 25 mg/ml—10 ml vials; 50 mg/ml—2 ml 
and 10 ml vials; Isoject®, 25 mg/ml and 50 mg/ml- 
1 ml fill; 100 mg/2 ml—2 ml fill. 

Military Depot: NSN 6505-00-052-1367 (50 mg/ml, 
10 ml vials) 

VA Depot: NSN 6505-00-052-1367B (50 mg/ml, 
10 ml vials) 


More detailed professional information available 


on request. «m 


LABORATORIES DIVISION 


PFIZER INC 





New! 


SURGICAL 
ENDOCRINOLOGY 


Clinical Syndromes 


Edited by 
STANLEY R. FRIESEN, M.D., Ph.D.(Surg.) 
with 28 contributors 


Here is up-to-the-minute, useable information 
on the known endocrine syndromes requiring 
the attention of surgeons and other physicians. 
The book encompasses all the surgically signifi- 
cant endocrinopathies, both common and rare, 
all ages of patients, from the newborn to the 
elderly, and all accepted techniques of clinical 
and laboratory diagnosis, as well as surgical and 
conservative management. 


The relevant basic sciences are integrated with 
current diagnostic and therapeutic techniques. 
Each of the contributors is a leading authority 
writing on his own area of special interest. 


Among the unique features of this text you ll 
find an illuminating commentary on each 
chapter by Dr. Friesen... step-by-step diagnos- 
tic flowcharts . . . a central table of the humoral 
and biological actions of 20 important endocrine 
syndromes mnemonic names for the 
syndromes . . . diagrammatic illustrations de- 
picting the pathophysiology of each syndrome 
as a composite of clinical findings. 


The volume presents a wealth of extraordin- 
arily current developments, featuring informa- 
tion on such innovative concepts and practices 
as the APUD series of endocrine cells—their 
origin, identification, and clinical applications, 
and the future surgical management of endo- 
crinopathies via transposition and transplan- 
tation of endocrine tissues. 


430 Pages / 110 Illustrations / 1978 / $27.00 


Lippincott 


J. B. LIPPINCOTT COMPANY 
East Washington Square @ Phila.. Pa. 19105 


In Canada: J. B. Lippincott Company of Canada Ltd. 
75 Horner Avenue, Toronto, Ontario M8Z 4X7 


Please send me: 
Friesen: SURGICAL ENDOCRINOLOGY .... $27.00 


Name 





Address 





State 








City 


o Payment enclosed (Save postage and handling) 
D Charge and bill me (Plus postage and handling) 


Also available at your medical bookstore AS 12/79 


ri. PM 








ANNALS OF SURGERY 





No. 6 


Morphology, Anatomic Distribution and Cancer Potential 


of Colonic Polyps 


An Analysis of 7,000 Polyps Endoscopically Removed 


The concept of a polyp—cancer sequence is assuming in- 
creasing credibility as a factor in the development of 
colorectal cancer. Colonoscopy permits most colonic polyps 
to be endoscopically removed and studied pathologicallv. Of 
various polyp types encountered in the colon only neoplastic 
polyps are regarded as having malignant potential. Neo- 
plastic polyps include tubular adenomas (formerly, adenom- 
atous polyps), villous adenomas and villotubular adenomas 
(formerly, mixed or tuboglandular polyps). Cancerous 
changes must penetrate the muscularis mucosae for a polyp 
to be regarded as clinically malignant. The present report 


. . analyzes a series of 5,786 adenomas from over 7,000 polyp 


~ endoscopically removed. The largest number of each type of 
adenoma presented in the sigmoid colon, followed bv the 


: descending colon in terms of frequency. In all zones tubular 


adenomas were most common, villous least. Abnormal cellular 
change, from dysplasia to carcinoma in situ to invasive cancer 
was most frequently found in the sigmoid colon and, in all 
colon sectors, increased as the villous componency of the 
polyp increased. However, all categories of neoplastic polyps 
showed malignant changes. Polyp size, long recognized as a 
factor, was shown to be importantly related to malignant 
change, but invasive cancer was found even in polyps less than 
1 em in diameter. In addition, the incidence of malignancy 
rose parallel to the frequency of synchronous and metachronous 
polyps. A vigorous program for detection and endoscopic re- 
. moval of colorectal polyps is recommended as a means of re- 
ducing the incidence of colorectal cancer. 
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Society in Association with the Philadelphia Academy of Surgery, 
the Boston Surgical Society and the Baltimore Academy of Surgery, 
March 14, 1979. 
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N ENLARGING BODY of evidence supports the im- 
A portance of the colonic polyp as a precursor to 
the development of colorectal cancer.?*?!^ The con- 
cept of a polyp- cancer sequence hinges on an accurate 
analysis of the abnormal changes within colonic 
adenomas, and the frequency with which these changes 
occur. Of parallel interest is how these alterations re- 
late to polyp morphology, polyp size and polyp de- 
velopment in different regions of the colon. 

Most previous reports linking polyps to carcinoma 
have been based on lesions removed either at surgery 
or via proctosigmoidoscopy from the distal colorectum. 
With the introduction of colonoscopy of the entire 
bowel" and the endoscopic resection of colonic 
polyps,” a new era was entered into. 

It is now possible to examine systematically the 
entire colon of large numbers of individuals with 


TABLE |. Colorectal Polyps 





Nonneoplastic 
juvenile polyp = retention polyp 
hyperplastic polyp = metaplastic polyp 
Neoplastic 
tubular adenoma = adenomatous polyp 
villous adenoma = papillary polyp 
villotubular adenoma = villoglandular polyp 
polypoid carcinoma = malignant polyp 
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TABLE 2. Distribution of Types of Adenomas in Large Intestine 
Region of Tubular Villotubular Villous 
Large — M M— 
Bowel No. To No. Fo No. s 
Rectum i71 (5) 86 (6) 72 (14) 
Sigmoid 1771 (48) 720 (47) 188 (36) 
Descending 877 (24) 398 (26) 132 (25) 
Transverse 436 (12) 146 (10) 37 (7) 
Rt. colon 470 (11) 192 (1) 90 (18) 


Total 3725 (100) 1342. (100) 519 (100) 


symptomatic and asymptomatic lesions at various 
stages of development. 

With endoscopic electrosurgical polypectomy, ini- 
tiated by us in 1969,!! it became possible to remove 
polypoid lesions endoscopically and to document the 
presence or absence of cancer in a polyp in almost 
any location within the large bowel. Colonoscopic 
polypectomy is reliable, accurate and safe, and is now 
practiced on an international scale. During the past 
ten years approximately 7,000 colonic polyps have 
been removed in our units via the colonoscope by the 
snare-cautery technique with no mortality and with an 
extremely low morbidity. The retrieved polyps were 
completely studied pathologically and classified ac- 
cording to histological type. 5,786 were adenomas. 


Classification of Polyps and Adenomas 


It is generally agreed that the bowel polyps which 
require attention from the clinician because of malig- 
nant potential are the neoplastic variety or adenomas. 
These have been classified as 1) adenomatous polyps, 
2) villous adenomas and 3) mixed, or villoglandular 
polyps. The problems and confusions arising from im- 
precise and even-lapping terminology are legion and 
have been analyzed by ourselves? and others.? 
A new and more descriptive terminology now in use!* 
is shown in Table 1. 

As has been previously emphasized,^ ^? one must 
distinguish between superficial and invasive cancer, 
since this distinction has important clinical implica- 
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Villotubular 


Fic. i. Distribution of types of adenomas in large intestine. R.: 
rectum; 5: sigmoid: Dc: descending colon; Tc: transverse colon; 
Rc: right colon. 


tions with respect to polyp management. All gradations 
of dysplasia can be recognized in the mucosa of neo- 
plastic polyps to the stage of definite superficial can- 
cer. If this focal cancer does not penetrate the 
muscularis mucosae, the lesion is labeled carcinoma in 
situ. Although a true cancer pathologically, in situ car- 
cinoma is not regarded as malignant in a clinical sense 
because it has not been known to metastasize. When, 
however, cancerous cells are definitely seen to pene- 
trate the muscularis mucosae in histologic sections, 
the finding is known as invasive cancer and the polyp 
is regarded as "malignant." This holds for both 
pedunculated and sessile polyps. In order to determine 
accurately the presence and degree of penetration or 
invasion, the polyp must be completely excised and 
multiple fixed tissue sections with proper orientation 
must be prepared. 

If more than 75% of a given polyp has a tubular 
configuration, our pathologists, arbitrarily, designate 
the lesion as a tubular adenoma. Such lesions are 
usually pedunculated if over 0.5 cm in size. Ulceration 
in the head of such a pedunculated polyp almost in- 
variably signifies invasive cancer. 

Polyps with mixed configuration, formerly known 
as villoglandular are now termed villotubular adeno- 


TABLE 3. Neoplastic (Adenomatous) Polyps Premalignant and Malignant Change According to Location 





Region of Benign 
Large Total eee celts 
Bowel No. No. Ot 

Rectum 329 226 (5) 
Sigmoid 2679 1933 (45) 
Descending 1407 1086 (26) 
Trassverse 619 431 (10) 
Rt. colon 732 581 (14) 
Total 5786 4257 . (100) 


Cancer- 

Dysplasia In-Situ Inv. Cancer 
No. Op No. ob No. Ob 

18 (3) 65 (9) 20 (7) 
226 (43) 356 (50) 164 (58) 
110 (21) 165 (23) 46 (16) 

97 (18) 62 (8.5) 29 (10) 

79 (15) 68 (9.5) 24 (9) 





530 (100) 716 — (100) 283 (100) 
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TABLE 4. Relative Frequencies of Pathologic Stages in Adenomas 








Cancer Inv. 
Benign Dysplasia In-Situ Cancer Total 

Adenomas No. op No. % No. % No. Op No. % 
ic th ace SO ale a a ha ea ac sec SSR cn EUM MER a EI ac ee 
Tubular 2863 (77) 296 (8) 462 (12) 104 (3) 3725 (100) 
Villotubular 1075 . (70) 162 (1) 175 (11) 130 (8) 1542 (100) 
Villous 319 (61) 72 (14) 79 (15) 49 (10) 519 (100) 
Total 4257 530 716 283 3786 





mas. This intermediate group of polyps containing 
microscopically, areas both of tubular and of villous 
pattern, is one which has come to be recognized as 
a separate category over only the past two decades. 
Since mixed features are quite common in neoplastic 
polyps, an arbitrary figure of at least 2596 for one 
component must be met before a polyp is placed in 
this subdivision by our pathologists (other pathologists 
may utilize different percentages). 

Villous polyps are frequently multilobulated and 
are those polyps having greater than a 75% villous 
morphology. They constitute the least common form of 
neoplastic polyp and are, more often than are the 
others, sessile in configuration. They have long been 
recognized as having the highest tendency toward 
malignant change. Because they tend to be larger when 
discovered and also sessile, villous adenomas often 
have to be removed in piece-meal fashion via the endo- 
scope. Some are better removed surgically. 


Distribution 


The anatomical location of occurrence for each type 
of polyp was tabulated (Table 2). The largest number 
of each form of adenoma occurred in the sigmoid colon, 
followed by the descending colon in frequency. But, 
in all zones, the highest percentage of adenomas is 
tubular, followed in diminishing order by villotubular 
and villous. Our figures differ in a number of respects 


BO 


Percent 
I 
O 





Villous 


Villotubular 


Fic. 2. Relative frequencies of pathologic stages in adenoma types. 
Open bars: benign; dotted bars dysplasia; Striped bars: cancer in 
situ; solid black bars: invasive carcinoma. 


from those appearing in the literature and, in assessing 
the dissimilarities, one must be cognizant of variations 
in acquiring and sorting the material presented. Thus, 
one must consider whether the studies are based on 
surgical or autopsy specimens, whether or not hyper- 
plastic polyps are distinguished from the neoplastic 
(adenomatous) forms, the age of the patient population 
and other important factors. 

This table is important in a number of ways: it is, 
by far, the largest series reported to date from a single 
institution. It analvzes neoplastic polyps only and these 
by category (vide supra). Only the series by Grinnell 
and Lane? is comparable. It lays to rest the concept 
that villous adenomas are unusual?” above the recto- 
sigmoid level. Figure 1 illustrates this point well. 

Accounting for the relatively low incidence of rectal 
polyps is the fact that polyps at a low level are usually 
readily managed via the proctosigmoidoscope and, 
thus, are not referred for colonoscopy. 

Table 3 analyzes the presence of premalignant or 
malignant change in this group of adenomatous polyps 
according to their anatomical location. It is seen that 
in each region most polyps are benign and that the 
highest incidence of dysplasia, carcinoma in situ, and 
invasive carcinoma occurs in the sigmoid colon, fol- 
lowed by the descending colon. Again, the selective 
nature of the material, with a paucity of cases within 
range of the conventional sigmoidoscope, must be 
noted. 

Table 4 breaks down the occurrence of premalignant 
and malignant changes according to the category of 


TABLE 5. Size of Adenoma Related to Cancer In-Situ 


Size of 

Ade- Tubular Villotubular Villous 

noma 

(cm) No. CIS % No. CIS %& No. CIS œ% 
0.5-0.9 1489 TT (5.1) 132 S (3.8) 40 3 (7.8) 
1.0-1.9 1713 264 (15.4) 776 62 (8.0) 249 19 (7.6) 
2.0-2.9 432 96 (22.2) 475 74 (15.6) 1 100 14(14.0) 
3.0— 91 25 (27.5) 159 34(21.4) 130 43 (33.0) 
Total 3725 462 (12.4) 1542 175(11.3) 519  79(15.2) 
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TABLE 6. Size of Adenoma Related to Invasive Carcinoma 


AAA Hr a PPM Hinter arr err PS TT TNI rtf di hb er Aes AA AAAA AAT Geri ir HP i m Ni ed 








Tubular Villotubular Villous 

Size of ; 

Ade- No. of No. of No. of 

noma Inv. Ca Inv. Ca Inv. Ca 

(cm) No. (66) No. C.) No. (66) 
0.5.0.9 1489 5 (0.3) 132 2(L1.5) 40 1 (2.5) 
1.0-1.9 1713 61 (3.6) 776 50 (6.4) 249 145.7 
2.0-2.9 432 28 (6.5) 475 54(11.4) 100 17 (17.0) 
3.0— 91 10 (11.0) 139 24(15.00 130  17(13.0D) 
Total 3728 104 (2.8) 1542 130 (8.4) 519  49(9.3) 


polyp. The high incidence of premalignant and malig- 
nant change in villous adenomas has long been recog- 
nized. The lower incidence in tubular and villotubular 
adenomas confirms our previous reports on the sub- 
ject. However, the much higher overall frequency of 
these types of adenomas makes even a low incidence 
of malignancy significant. The findings answer partly 
the question posed by Morson and Dawson,’ "The 
real problem is not whether adenomas are pre- 
malignant, but whether all adenomas are premalignant, 
and if not all, which adenomas are premalignant” 
(Fig. 2). 


Premalignancy, Malignancy and Polyp Size 


The advancing incidence of malignancy with in- 
creasing polyp size has long been recognized.?^?^? 
Tables 5 and 6 show the frequency of carcinoma in situ 
and of invasive cancer respectively by polyp type and 
polyp size. The figures support the higher incidence of 
malignant change in polyps with a large villous com- 
plement, but they also confirm Enterline's contention 
that "the increased malignant potential observed is 
more a function of size. ? 

Of equal interest, and relevant to the precolonos- 
copy era when radiologically demonstrated (or missed) 
polyps one cm in diameter or under, were regarded 
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Fic. 3. Size of adenoma related to carcinoma in situ. 
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Fic. 4. Size of adenoma related to invasive carcinoma. 


as insignificant, is the fact that both carcinoma in situ 
(Fig. 3) and invasive cancer (Fig. 4) can and do occur 
in polyps of all three forms in this size range. 

Some of the larger villous and villotubular adenomas 
had to be removed surgically rather than endoscopically 
and this increment is shown by the dotted lines (Fig. 4). 


Synchronous and Metachronous Adenomas 


The frequency of multiple tumors of the colon is 
recognized. Bussey,' reporting the St. Mark's Hospital 
experience, found synchronous multiple tumors, benign 
or malignant, in 19.7% among 3,002 patients surveyed 
and a 6% incidence of metachronous tumors in addi- 
tion. He suggests that the incidence would have been 
even higher had not colonoscopy been unavailable over 
most of the time span covered. 

Table 7 shows our experience with patients who had 
more than one adenoma either synchronously or 
metachronously. It indeed bears out Bussey's conten- 
tion. Moreover, one is impressed with the rising oc- 
currence of carcinoma in situ and invasive carcinoma 
as the number of neoplastic polyps rises. This correla- 


TABLE 7. Number of Synchronous and Metachronous 
Adenomas Per Patient and Invasive Ca 


Cancer In-Situ Invasive Ca 











No. of No. of 
Adenomas Patients No. Ot No. ot 
I 1160 161 (13.8) 95 (8.2) 
2 342 73 (21.3) 34 (10.0) 
3 162 47 (29.0) 27 (16.6) 
4 59 28 (47.4) 7 (11.9) 
5 43 12 (27.9) 6 (14.0) 
6 14 10 (71.4) 4 (28.6) 
7 il 7 (63.6) 0 
8 6 8 (133.3) 1 (16.7) 
9 6 2 (33.3) 3 (50.0) 
1024 8 5 (62.5) 3 (37.5) 
25-50 2 8 (400.0) 2 (100.0) 
1813 361 (20.0) 182 (10.0) 
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tion is another strong finding supporting the polyp- 
cancer sequence. 


Discussion and Conclusions 


We present our experience with over 7,000 endo- 
scopically removed polyps of the colon and rectum, 
analyzing in detail 5,786 neoplastic (adenomatous) 
polyps. These are divided into tubular adenomas, 
villotubular adenomas and villous adenomas. There is 
strong supportive evidence for a polyp-cancer se- 
quence. Premalignant and malignant changes are de- 
fined and correlated with polyp location anatomically, 
with polyp size and with the proportion of villous 
componency. 

Since the incidence of carcinoma of the colon is on 
the rise and since burgeoning evidence supports a 
polyp-cancer sequence, we suggest that a vigorous 
program for endoscopic detection and excision of 
colorectal polyps will favorably influence the manage- 
ment of this disease. 
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Carcinoma of the Esophagus 


Results of Treatment 


J. G. van ANDEL, M.D., PH.D.,* J. DEES, M.D.,¢ C. M. DIJKHUIS, M.D.,§ W. FOKKENS, M.D.,t H. van HOUTEN, M.D., PH.D.,§ 
P. C. pe JONG, M.D., PH.D." W. M. H. van WOERKOM-EYKENBOOM, M.D., PH.D.* 


The treatment results of the Rotterdam working group on 
esophageal cancer during the period January 1970— January 
1978 were assessed. A total number of 328 patients were 
treated: 230 males and 98 females. Of the 133 patients 
eligible for a combined treatment modality i.e. preoperative 
radiotherapy and surgery, 52 showed irresectable or metastatic 
disease during operation. The five year actuarial survival rate 
of the 81 patients, in whom curative surgical resection of the 
tumor was performed, amounted to 21%. Females fared better 
than males, the five year survivals being 42% and 12% re- 
spectively. This female preponderance in survival is partly 
explained by the considerable postoperative mortality of the 
male patients: 28% vs 7.4% in females. Patients who received 
only radiation therapy, whether curative or palliative, had a 
very bad prognosis. It is concluded that preoperative irradia- 
tion followed by surgical removal of the tumor should be 
performed in all operable—curable patients. 


N SPITE OF RECENT advances in medical knowledge, 
diagnostic facilities, radiotherapy appliances and 
surgical techniques esophageal cancer still ranges 
among the tumors with a higher unfavorable prognosis 
and the overall five year survival rate has not changed 
essentially over the past three decades. Most series 
show a five year survival figure ranging from 0-5% in 
unselected cases and from 9-20% in selected cases 
either with surgery, high dose megavoltage irradiation 
or a combination. Apparent exceptions to this general 
experience seem to emanate principally from Japan and 
China. 7 *9.5? Special attention must be given to the 
rather exceptional results obtained by Pearson?" '5 with 
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radiotherapy. It seems that reports based on a 
combined modality treatment strategy (radiation 
therapy and surgery) show better five year survival 
rates, ^ 1931-8 

Table 1 shows results obtained by surgery alone, 
radiotherapy alone and combination therapy, as pre- 
sented by Ellis et al.? In 1974, Nakayama! published 
the treatment results over the period 1940— 1964: 42 of 
390 patients (10.8%) experienced a five year survival 
after surgery alone, whereas combined radiotherapy 
and surgery yielded a 15.8% five year survival rate (24 
of 149 patients). The same author emphasized that 
radiotherapy alone in the period 1957— 1964 gave a five 
year survival of only 7.7% (6 of 77 patients).'° 

In the Rotterdam area a special working group on 
esophageal cancer (University Hospital Dijkzigt and 
Rotterdam Radiotherapy Institute) has been co- 
operating since about 1970. This group consists of sur- 
geons, physicians, ENT surgeon and radiotherapists 
and all new cases as well as problems arising during 
the patients’ follow-up are discussed. Pretreatment 
screening includes: 


Thorough medical examination with special at- 
tention to detection of metastatic cancer and to 
the cardiovascular and pulmonary status. 

Full laboratory investigations. 

ECG and pulmonary function tests. 

X-ray examination of chest, esophagus, stomach and 
colon. 

Liver scan. 

Indirect laryngoscopy and bronchoscopy with direct 
needle biopsy of the mediastinal nodes near the 
carina, 
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TABLE 1. Survival in Carcinoma of Esophagus* 








5 Years 
Study and Treatment Technique Number Per Cent 
Akakura et al. 1970 
preoperative radiotherapy plus operation 29/117 24.8 
operation only 31/229 13.6 
Marks et al. 1976 
preoperative radiotherapy plus resection 14/101 13.9 
preoperative radiotherapy plus operation 
(not resection) 0/0 0 
preoperative radiotherapy without 
operation 6/195 3.1 
operation only (curative) 2/33 6.1 
Nakayama, 1964 
preoperative radiotherapy plus operation 3/8 34.5 
operation only 4/21 19 
Pearson, 1969 
radiotherapy only 20/99 20.2 
operation only 41/363 LZ 





* According to Ellis.? 


Esophagoscopy with biopsy (aspect of tumor, upper 
and lower margin, ‘‘satellite’’ lesions remote from 
primary and fixation to surrounding tissues are 
specially noted). 

Mediastinoscopy and laparoscopy on indication only. 


The treatment policy for each patient is individualized 
according to the clinical laboratory and radiological 
data. According to these data the following classifica- 
tion is made. 

The patient is clinically operable when his general 
condition permits a combined thoracotomy and lapa- 
rotomy. An age limit has not been exceeded. All the 
others are clinically inoperable. The tumor is clinically 
curable or incurable depending on: fixation to neighbor- 
ing structures, proven growth into the pulmonary tract, 
broadening of the carina with positive cytology, re- 
current nerve palsy, and distant metastases. 

Consequently, the patients are subdivided into four 
main groups: operable-curable, operable-incurable, in- 
operable-curable and inoperable-incurable. 

From the available literature one can easily get the 
impression that patients with esophageal cancer have 
the best prognosis when combined radiation therapy 
and surgery can be carried out.?*?!?^!? This modality 
is only feasible in the clinically operable-curable pa- 
tient. All other patients are preferably treated with 
radiotherapy alone or abstinention, depending on the 
situation. 


Materials and Methods 


During an eight year period (January 1970 to January 
1978) 328 patients with esophageal cancer were referred 
to one of the two centers participating in the study. Of 
these 328 patients, 230 were males and 98 females. The 
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TABLE 2. Localization of Esophageal Cancer in Male 
and Female Patients 








Males Females 
Site of 
Origin Number Per Cent Number Per Cent 
Upper third 11 4.8 15 15.3 
Middle third 88 38.3 36 36.7 
Lower third 131 37 47 48 
230 98 





mean age was 66 years for both sexes. The site distribu- 
tion of the tumors is shown in Table 2. The female 
preponderance of tumors originating in the upper third 
of the esophagus is in accordance with other reports in 
literature. Table 3 represents the histologic types ac- 
cording to sex. Dysphagia was the principal early 
symptom. In some patients swallowing was very pain- 
ful. Other symptoms at time of diagnosis were obstruc- 
tion and general malaise. 

The duration of symptoms before referral to our 
group ranged from 2-18 months with a mean of six 
months. This rather long time is caused by a relatively 
small group of patients with a very long history of vague 
complaints of dysphagia. Many patients, however, 
presented with a history of only four to six weeks. 
Table 4 shows the clinical staging of the patients to- 
gether with the corresponding treatment modalities. 
The combined therapy includes preoperative radia- 
tion therapy using 4-6 MV. photons. Irradiation is 
given via two parallel opposed portals to a tumor dose 
of 4000 rad in four weeks and in 20 fractions. Field 
sizes extend to at least 5 cm from the upper and lower 
borders of the tumor and to about 3-4 cm from the 
lateral borders. Four weeks after irradiation the patient 
is evaluated again to reassess the operability. 

Surgery, if decided upon, is performed between four 
to six weeks after the end of radiation therapy. The 
surgeon is always supplied with a copy of the simulator 
film showing the field size of the irradiated area. The 


TABLE 3. Histology of Esophageal Cancer According to Sex 


Males Females 
Number Per Cent Number Per Cent 

Squamous cell 

carcinoma 154 67 68 69.4 
Adenocarcinoma* 50 21.7 15 15.3 
Undifferentiated 

carc. 21 9.1 12 12.2 
Unknown 5 zx 3 3.1 

230 98 


* Only lesions located in the esophagus and not in the esophago- 
gastric junction or the gastric cardia. 
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TABLE 4. Clinical Staging of the Patients and the Corresponding Treatment Policy 


— TT eee 


Classification Treatment 


Males Females 


Ch EEE 


Operable-curable Radiotherapy + surgery 


Operable-curable 


Inoperable-curable Curative radiotherapy 


Incurable Palliative radiotherapy 


Incurable No treatment 


Insufficient information 


93 40 
(mean age 61 yr) (mean age 61 yr) 
Refused operation: curative radiotherapy 4 l 
79 36 
(mean age 74 yr) (mean age 73 yr) 
49 18 
(mean age 60 yr) (mean age 69 yr) 
4 l 
l 2 
230 98 


eee 


standard surgical procedure is resection of the involved 
part of the esophagus with or without the cardiac region 
and reconstruction of the digestive tract preferably in 
one session. The resection margins of the operation lay 
as much as possible well beyond the irradiated volume 
in order to prevent possible postoperative leakage or 
stricture of the anastomoses due to irradiation sequelae. 
Reconstructive surgery after removal of the affected 
part of the esophagus implies left colon interposition 
or esophagogastrostomy. If the growth appears to be 
irresectable because of fixation to adjacent structures 
or if distant metastases are detected, further surgical 
measures are abandoned. Bypass operations or pal- 
liative tumor resection with reconstruction are not 
routinely performed in such cases, because of the in- 
creased postoperative mortality and the negligible pro- 
longation of life expectation. After wound repair, a 
second course of radiation therapy is given in the case 
of irresectable tumor amounting to 2000—2600 rad TD 
in two to two and one-half weeks and in 10-13 
fractions. If the surgeon has any doubt about the com- 
plete removal of the tumor, the tumor bed is clipped 
with marker. In that case a second course of radio- 
therapy is also applied if the histology report describes 
tumor in or close to the resection margins. If after 


reassessment the patient cannot be operated, a second 
course of radiotherapy is given also. 

All patients who are not eligible for surgical treat- 
ment but are regarded as curable (clinical classification 
inoperable-curable) receive a split-course radiotherapy 
in a curative attempt. Between the two courses a four 
week rest period is given. 

The total tumor dose varies between 6000— 6600 rad. 
In case of incurable disease, only palliative measures 
are indicated. Radiation therapy is given to the tumor 
area to prevent complete obstruction: 3000— 5000 rad 
TD in two to four weeks and in 10—20 fractions. In 
some patients the general condition or the extent of 
the disease precluded any therapeutic management. In 
many cases intubation by means of a celestin tube or 
Mousseau-Barbin's tube provide adequate nourish- 
ment. In rare instances a gastrostomy is necessary. 
In Table 5 a schematic presentation is given of the 
treatment policy of our group according to clinical 
classification. ` 


Results 


The present report analyses the treatment of 328 
patients with carcinoma of the esophagus treated by our 
group. Table 6 shows the surgical findings according to 


TABLE 5. Schematic Representation of Treatment of Esophageal Cancer According to Clinical Classification 


ee EEE 


Operable-curable 


Inoperable-curable 


(In)operable-incurable 


EEE 


Preoperative radiotherapy 
20 x 200 rad TD/4 wks 


4 wks rest period 


Surgery: 
radical*: no additional treatment 
not radical? or doubtful: second course of 
radiotherapy 10-13 x 200 rad/TD/2—2% wks 
irresectable: second course of radiotherapy 
metastatic disease (incurable): palliative measures 


Radiotherapy split-course technique 
20 x 200 rad TD/4 wks 


4 wks rest period 


10-13 x 200 rad TD/2-2'% wks 


Palliative measures: radiotherapy 
10 x 300 rad TD/2 wks or 


20 x 250 rad TD/4 wks 
celestin tube or Mousseau Barbin tube 


gastrostomy 


EEE 


* Radical: macroscopically and microscopically no evidence of 


residual tumor tissue. 


* Not radical: macroscopically and/or microscopically evidence 
of residual tumor tissue. 
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TABLE 6. Site of Involvement According to Clinical 
and Surgical Classification 


Males Females 
Clinically Clinically 
Site of Operable- Surgically Operable- Surgically 
Involvement curable Curable curable Curable 
Upper third 2 l 4 0 
Middle third 33 20 17 13 
Lower third 58 33 19 14 
93 54 (58.1%) 40 27 (67.5%) 


the size of involvement in 133 patients subjected to 
surgical treatment after preoperative radiotherapy. 
This group represents the clinical classification oper- 
able—curable. The mean age of these patients was 61 
years. During the operation 39 of 93 males showed 
evidence of distant metastases or were found to be 
irresectable due to growth into the surrounding tissues. 
In the same respect, 13 of 40 females proved to be sur- 
gically incurable. Thus it appears that in 52 patients 
(39.1%) preoperative screening failed to reveal the 
real extent of the disease. The survival data of the 81 
surgically treated patients are shown in Table 7. Fe- 
males fared distinctly better than males. Nakayama!” 
without giving an explanation also stressed that females 
had a more favorable prognosis, 29.3% five year sur- 
vival for females vs 10.8% for males. In our material 
this difference is partly explained by the fact that our 
male patients experienced a high operative mortality 
as compared to females: 28% (15 of 54) vs 7.4% (2 of 27). 
This difference is statistically significant (p = 0.04). 
The overall operative mortality was 21% (17 of 81). 
A causative factor plausibly explaining this sex dif- 
ference could not be ascertained. One of the reasons 
might be that the male patients on constitutional 
grounds or due to smoking habits and use of alcohol 
represent a special ‘‘at risk" group in the postoperative 
period after major surgery. Table 8 gives the post- 
operative complications with fatal outcome in the 17 
mortality cases. We feel that the preoperative irradia- 
tion did not lead to a higher mortality rate in this series. 
In a previous study of 19 patients with preoperative 
radiotherapy of 4000 rad in four weeks and 15 patients 


TABLE 7. Five Year Survival Rate of 81 Patients Treated 
with Combined Modality 


Males Females Total 
N — 54 N = 27 N = 81 
Intercurrent death NED 3 0 3 
Actuarial 5 year survival 
NED 6 (12%) 12 (42%) 18 (21%) 
Mean observation period 30 months 45 months 





ESOPHAGEAL CANCER 


687 


TABLE 8. Causes of Postoperative Death in 17 Patients 





Males Females 
N = 15 N =2 
Viral pneumonia Decompensatio cordis l 


Respiratory insufficiency Necrosis of colon transplant 1 
Myocardial infarction 
Sepsis 

Leakage of anastomosis 
Necrosis of colon transplant 
Unknown 


without, we did not find any difference in morbidity 
and mortality .?? 

The majority of the 52 patients who showed sur- 
gically incurable disease at the time of operation, re- 
ceived a second course of radiation therapy. Survival 
in this group was very poor. After one year only six 
patients were still alive, after two years two patients 
and after three years no survivals were recorded. 

Patients who were classified as inoperable- curable 
and who received a curative split-course radiation 
therapy of 6000—6600 rad TD also had a very poor 
survival rate. Survival data of this category are given in 
Table 9. In this group also, the females fared better 
than the males. After one year 30.6% (11 of 36 patients) 
vs 15.2% (12 of 79 patients). In this series most women 
had smoked and drunk less than men. This factor might 
be the explanation for this finding. Five patients in the 
clinically operable-curable group refused operation. 
They received curative split-course radiotherapy but 
all died within the first year after diagnosis. The clin- 
ically incurable patients were treated with palliative 
irradiation in most instances. Of 67 patients, only three 
were alive after one year, whereas no patient survived 
longer than two years. Radiotherapy resulted in a 
reasonable to good alleviation of the dysphagia and 
most of the other symptoms in about 50% of the cases. 
Many patients remained free from dysphagia until 
death. 


Discussion 


In the present series the actuarial five year survival 
rate of 248 clinically curable patients— including 
operable and inoperable cases (Tables 4, 7, and 9) is 
796 (19 of 248 patients). 


TABLE 9. Survival Data of Patients Classified as Inoperable-curable 
and Treated by Radiotherapy 


Males Females Total 
Survival after N = 79 N = 36 N = 115 
| year 12 11 23 
2 years 4 l 5 
3 years l 0 l 
5 years 1 0 l 
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TABLE 10. Survival Data of Patients with Esophageal Cancer 


Survival 
Number of 
Period Patients Therapy Modality ^] Year =3 Years =5 Years 
1940— 1964 v. Leersum!* 40 No therapy 0 
N = 411 92 Palliative radiotherapy = 4000 rad/4 wks 23/371—6.2% 9/371 — 2.496 
when calculated on curative 
group: 
279 Curative radiotherapy > 4000 rad/4 wks 23/2779 — 8.2% 9/279 — 3.2% 
1964— 1970 unpublished data 13 No therapy 0 
N = 159 14 Palliative radiotherapy = 4000 rad/4 wks 0 
132 Curative radiotherapy > 4000 rad/4 wks 9/132— 6.8% 7/132— 5.3% 





This percentage corresponds fairly well with most 
survival rates given in literature. Therefore, it remains 
to be seen if the disadvantages of a combined radio- 
therapy — surgery strategy, with its hospitalization, 
additional risks for the patients and high costs are com- 
pensated by a better cure rate or a longer survival. Or 
can curable patients better be treated by curative radia- 
tion therapy alone? Our data indicate that surgery 
preceded by radiotherapy is justified in all cases where 
surgical management appears feasible. The following 
observations support this view: 


Fifty-two patients of the operable—curable cate- 
gory were surgically incurable and received in most 
instances curative radiotherapy. There were no five 
year survivors. 

One hundred and fifteen patients of the inoperable- 
curable category also received curative irradiation. 
Only one patient survived longer than five years 
(Table 9). 


It seems most unlikely that with radiotherapy as 
the sole treatment in the surgically curable group of 
patients, the same survival of 2176 NED after five years 
would have been achieved as with combined treatment 
(Table 7). Even if one considers that in that case the 
postoperative mortality of 21% would have been absent. 

In the same Rotterdam area, before 1970, most pa- 
tients with esophageal cancers were treated only with 
radiotherapy. Van Leersum’ found a five year survival 
of 2.496 (9 of 371 patients) for all patients treated with 
radiotherapy, partly with orthovoltage partly with 
cobalt therapy, in the Rotterdam Radiotherapy In- 
stitute in the period 1940— 1964 (Table 10). 

The treatment results over the period 1964— 1970, 
all with 4-6 MV. photon therapy, were more or less 
identical (Table 10, unpublished data). 

These frustrating results are clearly exceeded by 
the survival rates reported in the present series. 
Whether this combined treatment modality is also 
better than surgery alone is not answered by this study. 
However, results from the literature (Table 1) do sug- 
gest this. Based on these figures we felt that a repeat of 


such a study was not justified. Therefore, we conclude 
that our material provides sufficient evidence to advo- 
cate, if possible, the strategy of a combined modality, 
comprising preoperative radiotherapy followed by 
surgery. It is still a matter of contention whether better 
results are expected to be achieved since the absence 
of a protective serosal barrier, a rich intramural plexus 
of lymphatics draining into numerous lymph nodes 
along its entire course and its close proximity to vital 
stuctures within the mediastinum lead to early regional 
extension while hematogenous dissemination may 
result in distant metastases in a late stage of the disease.‘ 
It appears that the high mortality rate of esophageal 
cancer can be most effectively reduced by early de- 
tection. 

Periodic screening of population groups at risk for 
esophageal and gastric cancer is performed for instance 
in Japan and China and subsequently the survival 
rates reported in certain Chinese and Japanese se- 
ries! ?:!! I3 are comparatively favorable: whether sucha 
screening examination is feasible in European coun- 
tries with a considerably lower incidence of this type of 
neoplasm is a matter of dispute. Now most of the pa- 
tients present with complaints of dysphagia and at 
examination they show a big tumor. 

In the present series, 52 of 133 clinically operable- 
curable patients (39%) showed incurable disease during 
the operation. In future, more meticulous preoperative 
screening should be performed in order to lower this 
percentage at operation. The high postoperative mor- 
tality, especially in the male patient, is a further matter 
of concern. We have to find ways to lower this high 
rate. 
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A Comparative Study of Japanese and American 


Gastric Dimensions 
HARRY S. GOLDSMITH, M.D.,* HIROSHI AKIYAMA, M.D.t 


A comparative study between Japanese and Americans was 
carried out to determine gastric characteristics of the two 
groups, since Japanese appear to allow easier gastric transposi- 
tion to the neck. Japanese were found to have a longer and 
more mobile stomach, but in the vast majority of Americans 
an esophagogastric anastomosis in the neck is possible follow- 
ing an extensive Kocher maneuver. 


N SPITE OF DISTRESSINGLY poor survival statistics 

following surgery for esophageal carcinoma, many 
surgeons continue to believe that there is an important 
place for surgery in this disease; if not for cure, cer- 
tainly for palliation. Surgeons in the Far East have re- 
ported little difficulty in mobilizing the intact stomach 
into the neck in order to reestablish gastrointestinal 
continuity following esophagectomy.' However, most 
American surgeons have not exhibited a routine sur- 
gical ease in performing this maneuver. This apparent 
discrepancy in the technical skill required for gastric 
transposition to the neck has raised the question as to 
whether there is something different between the 
stomach of a Japanese as compared to an American. 
The purpose of this study was to address this pos- 
sibility by measuring the physical dimensions of the 
stomach of these two racial groups. 


Materials and Methods 


Seventy patients were included in the study; half 
from the United States (Philadelphia and Hanover) 
and the remainder from Japan (Tokyo). There were 20 
males and 15 females in the Japanese group and 17 
males and 18 females in the United States group. The 
individuals studied were random autopsy specimens 
who had died from various medical and surgical con- 
ditions which had not involved the esophagus, stomach, 
or diaphragm. 
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Six gastric measurements were made in order to 
assess the physical characteristics of the oriental and 
occidental stomach. These measurements (in centi- 
meters) included the following: 1) the distance from 
the sternal notch to the hyoid bone; 2) the distance 
from the costal angle to the sternal notch; 3) the length 
of the lesser curvature of the stomach; 4) the length 
of the greater curvature of the stomach; 5) the distance 
between the pylorus, as measured at the pyloric vein, 
and the diaphragm after the duodenum had undergone 
an extensive Kocher maneuver which required the 
mobilization of the entire second portion of the 
duodenum and the head of the pancreas as far medially 
as the vena cava; 6) the distance between the costal 
angle and the cardioesophageal junction. A seventh 
measurement in the study was the height of the pa- 
tient (Figs. 1 and 2). 


Results 


Japanese men and women, as expected, were found 
to be shorter than their American counterparts (Figs. 
3 and 4). The Japanese group also demonstrated a 
shorter distance between the costal margin and the 
sternal notch which simply reflected the shorter 
longitudinal thoracic length consistent with their over- 
all decrease in total body height. Necks of Japanese 
and Americans were found to be relatively comparable 
as measured by the distance from the sternal notch 
to the hyoid bone. 

The distance between the costal angle and the 
cardioesophageal junction showed a slight increase in 
Japanese men and women as compared to Americans. 
The significance of this measurement appears of little 
importance other than to raise the possibility that 
mobilizing the stomach into the neck in a Japanese 
patient requires a slightly longer distance if placed in 
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Fics. | and 2. Illustra- 
tions of the various gastric 
dimensions measured in the 
study. 


FiG. 3. Individual gastric 
measurements of Japanese 
and American subjects. 
Stipled line indicates mean 
measurements. Eighteen 
Japanese had their pylorus 
elevated to or above dia- 
phragm compared to seven 
Americans. 
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GREATER CURVATURE 
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Fic. 4. Range and mean of gastric measurements of subjects 
studied. Note restricted pyloric mobility of Americans compared 
to Japanese. 6: Japanese males (20). A: Japanese females (15). 
©: U.S. white males (17). ^: U.S. white females (18). 


a retrosternal or a subcutaneous position relative to 
the same maneuver in an American. 

The Japanese were found to have a longer greater 
curvature of the stomach with the Americans having a 
longer lesser curvature. Both these measurements have 
significant implications when one is attempting to 
lengthen the stomach for subsequent anastomosis to 
the cervical esophagus. Of greater importance in gastric 
mobilization is the distance that remains between the 
pylorus (as measured from the pyloric vein) and the 
diaphragm following an extensive Kocher maneuver. 
It was found that the Japanese could have their pylorus 
elevated up to, and even above, the diaphragm with 
little difficulty in comparison to Americans in whom 
there is great variability in accomplishing this 
maneuver. One of us (H.A.) has shown that in an 
occasional Japanese patient, it is not even necessary 
to do a Kocher maneuver in order to perform a cervical 
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esophagogastric anastomosis. This feat would be very 
difficult, if not impossible, in an American who char- 
acteristically is taller than his Japanese counterpart. It 
must be stressed, however, that in those Americans 
in this study whose pylorus could not be brought close 
to the diaphragm, it was still possible in the majority 
of these individuals to mobilize the stomach into the 
neck. 


Discussion 


The large bowel which frequently has been used to 
replace a resected esophagus is always bacterially 
contaminated regardless of the thoroughness of a 
preoperative antibiotic bowel preparation. Addition- 
ally, its use as an esophageal replacement requires 
multiple anastomoses; a colocolostomy, a cologas- 
trostomy and a coloesophagostomy. Another serious 
limitation of the large bowel is the awareness that 5% 
of all colons have an inadequate arterial blood supply 
and 1546 a deficient venous out-flow tract when used 
as an esophageal substitute.” These serious drawbacks 
in a colon bypass following esophagectomy has led to 
many serious postoperative complications includ- 
ing death. 

The major problems associated with a colon bypass 
resulted in increasing interest in the use of a reversed 
gastric tube made from the greater curvature of the 
stomach as originally described by Gavriliu? and 
popularized by Heimlich.* This tube is antiperistaltic 
and requires an extensive suture line to close the de- 
fect along the greater curvature of the stomach and to 
make the gastric tube itself. It is reasoned by the 
authors that if a tube made from a portion of the 
stomach can be a suitable substitute for an esophagus, 
why wouldn't an isoperistaltic stomach be easier to 
construct and be superior physiologically when used for 
this purpose. 

Anastomosing the isoperistaltic stomach to the 
cervical esophagus allows complete resection of the 
thoracic esophagus which is highly desirable because 
of the known propensity of an esophageal malignancy 
to spread by intramural extension. Another positive 
aspect in using the isoperistaltic stomach as an 
esophageal substitute is that its construction allows 
for the excision along the proximal half of the lesser 
curvature of gastric lymph nodes which frequently 
harbor metastatic tumor from the primary esophageal 
neoplasm. 

If an anastomotic disruption occurs in the neck fol- 
lowing gastric transposition, it usually is not the result 
of vascular compromise, but of technical error because 
of the extensive intramural vascular network supplied 
by the right gastric and the right gastroepiploic arteries 
and veins. This vast vascular network is not present 
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in a reversed antiperistaltic gastric tube. Fortunately, 
any anastomotic leak in the cervical area results in only 
a cutaneous fistula as opposed to the catastrophe that 
can occur when there is disruption of an esophageal 
anastomosis in the chest which invariably leads to 
empyema and often death. 

This study which has compared the physical di- 
mensions of American and Japanese stomachs indicates 
that there are gastric characteristics which allow easier 
gastric transposition into the neck in Japanese patients. 
It must be reemphasized, however, that it was pos- 
sible in approximately 75% of the Americans in this 
study to bring the stomach into the neck following an 
extensive Kocher maneuver. In the other 25%, a 
Kocher maneuver was not sufficient to accomplish this, 
but there are several maneuvers which are possible 
if one were performing surgery on these individuals 
which would allow the construction of a gastro- 
esophageal anastomosis in the neck. 

This first maneuver is to place the stomach in the 
chest along the route which follows the shortest dis- 
tance to the neck. The shortest distance between the 
peritoneal cavity and the cervical region is by way of 
the posterior mediastinum with the retrosternal and 
subcutaneous positions, respectively, being longer in 
length. 

A second maneuver which helps one compensate in 
those patients whose stomachs appear too short for a 
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cervical anastomosis is to suture the gastric segment 
under tension along the posterior mediastinum with 
stitches that are taken between the serosa of the 
stomach and the cut edge of the mediastinal pleura 
overlying the prevertebral fascia. Anchoring the 
stomach under tension in a cranial direction not only 
adds length to the isoperistaltic segment, but pre- 
vents its contraction from the cervical suture line as 
muscular tone returns during the postoperative period. 

A further maneuver to gain increased length of an 
isoperistaltic stomach was taught to one of us 
(H.S.G.) by Professor G. B. Ong, the Professor of 
Surgery at the University of Hong Kong, who has 
shown that the isoperistaltic stomach is a muscular 
tube which when milked and kneaded by hand can 
stretch several extra inches when added length is 
necessary. 
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Metabolic Profiles of Thermal Trauma 


F. J. VOLENEC, G. M. CLARK,* M. M. MANI,* J. KYNER,* L. J. HUMPHREY 


The study was designed to establish where significant cor- 
relations exist in a variety of metabolic substrates and hormone 
mediators in patients sustaining thermal injury. The factors 
studied were insulin, human growth hormone, cortisol, 
glucagon, free fatty acid, triglyceride and glucose. Incor- 
porated into this design was an evaluation of the impact of 
quantitated severity of injury upon these correlations. In pa- 
tients sustaining a low severity of injury (Probability of death 
(p = 2.2 to 33.9) there appeared a loss of glucose regulation in 
conjunction with insulin resistance without significant interplay 
of other factors studied. In contrast, patients sustaining high 
severity injury (p = 46.9 to 100) evidenced correlations between 
glucagon and glucose (negative), cortisol and free fatty acid 
indicating a significant role of hyperglucagonemia in these 
patients. A discriminant function analysis was employed to 
incorporate all significant variables into a probability model. 
Only insulin, glucose and glucagon appeared in the optimal 
classification equation. 


HERMAL TRAUMA is accompanied by an increase in 

the metabolic rate and elevated blood glucose 
levels.' Investigations have suggested that these altera- 
tions are mediated by endocrine changes in which there 
is impaired insulin secretion and subsequent insulin 
resistance, ?*7?92?? increased concentrations of glu- 
cocorticoids,**'? increased catecholamine elabora- 
tion,*?!??! and increased pancreatic secretion of 
glucagon.!??37?»3* Elevated catecholamine levels have 
been shown to increase lipolysis with a resultant 
elevation of blood free fatty acid concentration. ® 7*7 
It has been suggested that fat breakdown supplies 
energy needs following injury, and postinjury protein 
breakdown occurs to supply elements for hepatic 
gluconeogenesis.'’ Thus, the metabolic consequences 
of injury involve many factors. However, their 
respective activities are not isolated or independent but 
act in concert to effect the ultimate level of blood 
glucose. Further, both increase in metabolic level and 
protein catabolism have been shown to be proportional 
to the severity of the injury.!' ?" 
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This study was designed to evaluate a variety of 
metabolic substrates and hormone mediators and to 
establish where significant correlations exist. It was 
also designed to evaluate the contribution of severity of 
injury upon these correlations. 


Materials and Methods 


Thirteen patients with thermal injury were studied 
(Table 1). Patients were adults ranging in age from 18 to 
60 years, nine male and four female, and total body 
surface area burn ranged from 16 to 9146. Peripheral 
blood samples were collected each morning before 
breakfast at two to three day intervals starting usually 
on Day 2 to 3 postburn and continuing as long as pos- 
sible up to 30 days postburn. The number of determina- 
tions varied from three to 12 among the patients. 

Blood samples were drawn as follows: clean tubes for 
serum to be used in the insulin, human growth hormone, 
and cortisol assays, tubes containing 15% EDTA and 
200 units Trasylol (Aprotinin 10,000 Kallikrein inacti- 
vator units/ml FBA Pharmaceuticals New York, New 
York) per 0.5 ml plasma for the glucagon assay, tubes 
containing potassium oxalate for blood glucose assay 
and tubes containing 100 units of heparin/ml blood for 
free fatty acid and triglyceride assays. Specimens were 
immediately placed on ice, centrifuged at 5^ when 
necessary, dispensed and frozen until tested. All sam- 
ples from an individual patient were tested together. In- 
sulin was tested in the coated charcoal immunoassay ? 
and glucagon was assayed by radioimmunoassay using 
30K antibody from Roger Unger, M.D., Department 
of Internal Medicine, University of Texas. Human 
growth hormone was quantitated in the charcoal dex- 
tran radioimmunoassay!’ and cortisol was tested in the 
competitive protein binding radioimmunoassay.”' Free 
fatty acids were measured in a two-phase extraction 
and colorimetric determination? and plasma triglycerides 
were determined as previously described.* Blood 
glucose was assayed by the hexokinase procedure. 
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TABLE 1. Patient Data 
Sample Data 
Burn 
Period Age —————— 
Patient No. (Post Burn (yrs) TBS FT 
No. Samples Day No.) Sex % % p 

1 7 6—24 29 F 16 0 4.2 
2 8 2-19 23 F 47 15 19.4 
3 6 5-17 26 F 28.5 5 2.4 
4 9 7-26 36M 50 0 8.3 
5 12 8—34 IBM 48 16 6.7 
6 10 4-27 29M 38.5 7.5 28.8 
7 10 3-24 60M 40 6 13.8 
8 7 4-18 56M 26.5 9.5 33.9 
9 4 10—17 36M 54 50 98.2 
10 5 2-12 57M 88 80 100 
11 4 4-11 SIM 82.5 18 84.0 
12 5 5-14 56 F 19 18 70.0 
13 6 13-25 21M 91 10 46.9 


Median values were computed from all test samples 
of an individual patient for each of the laboratory 
measurements. Those values were used to represent a 
patient in all subsequent data analysis. These data were 
analyzed using the All Possible Regressions routine of 
the Biomedical Computer Programs (BMDP). The 
dependent variable was glucose and the remaining 
quantities were potential independent variables. A 
second regression analysis included information about 
the severity of the burn as additional independent 
quantities. The percentage of full and partial thickness 
burn, a subjective burn index,” and the probability of 
death (p) computed from a discriminant analysis? 
were utilized. A third analysis attempted to discrimi- 
nate between two groups of patients on the basis of 
laboratory variables. The low severity group was com- 
posed of patients Numbers 1—8 with a range of p = 2.2 
to 33.9 and a high severity group composed of patients 
Numbers 9—13 with a range of p = 46.9 to 100. None of 
the low severity group were fatalities while all the high 
severity group were fatalities. The All Possible Regres- 
sions routine was used for analysis of variables in these 
two groups of patients. The stepwise Discriminant 
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TABLE 2. Data Summary Statistics 


Variable Mean S.D. Range 
Insulin 44.4 34.7 7-199 
HGH 1.3 1.8 0.0—6.3 
Cortisol 239,1 6.6 13.9-39.2 
Glucagon 260.1 264.5 74.0—1101.5 
FFA 317.9 113.1 183.0—509.0 
TG 124.8 40.3 48.5— 196.0 
p 37.6 37.9 2.2- 100.0 
Glucose 147.2 30.8 95.0—200.0 


Analysis Program of BMDP was used to identify the 
best set of discriminatory variables. 


Results 


Means for each variable were calculated from the 
median values for each patient studied (Table 2). The 
Pearson correlation coefficients were then determined 
among these laboratory measurements (Table 3). 
Strongly positive correlations (p < 0.05) were noted 
between cortisol and probability of death (0.743), 
cortisol and glucagon (0.715) and glucagon and free 
fatty acid (0.595). Free fatty acid and triglyceride 
(0.526), cortisol and free fatty acid (0.486), insulin and 
glucose (0.482) and free fatty acid and probability of 
death (0.472) were correlated where p — 0.1. The most 
strongly negative correlations existed between insulin 
and other variables tested, particularly probability of 
death ( — 0.487) and free fatty acid (—0.482) but were not 
highly significant statistically (p < 0.1). 

The computer programs examined the potential 
predictor variables to find the best subset to predict 
blood glucose concentration. All possible regressions 
were calculated: R-squared, adjusted R-squared and 
Mallow's Cp were used to select the best subset. 

The optimal subset of laboratory variables for pre- 
dicting glucose included insulin, cortisol, and glucagon. 
The regression equation was: 


Glucose = 35.07 + 0.42(Insulin) 
+ 4.55(Cortisol) — 0.08(Glucagon). 


TABLE 3. Correlation Matrix of Median Patient Observation (N = 13) 








Human Free 
Growth Fatty Probability 
Insulin Hormone Cortisol Glucagon Acid Triglyceride of Death Glucose 

Insulin 1.000 
Human growth hormone — .343 1.000 
Cortisol —.374 .208 1.000 
Glucagon —.176 .022 .715 1.000 
Free fatty acid —.482 —.100 .486 .595 1.000 
Triglyceride —.304 .150 .318 .349 .526 1.000 
Probability of death —.487 .042 .743 .422 .472 .160 1.000 
Glucose .482 —.310 .211 —.122 — .086 —.103 .334 1.000 
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The multiple R? for this relationship was 0.64. 
When the burn severity data was entered, probability 
of death (p) replaced cortisol in the relationship: 


Glucose = 108.08 + 0.73(p) 
+ 0.50(Insulin) — 0.04(Glucagon). 


The multiple R? for these variables was 0.76. The re- 
placement of cortisol by p should not be surprising in 
view of the fact that the correlation between these two 
quantities was 0.743 (Table 3). 

The previous data analyses considered all patients 
studied as one group. Further analysis considered con- 
trasts in the metabolic responses between the low and 
high severity groups of patients. Means of the low and 
high severity groups for each variable were calculated 
from the median values for each patient (Table 4). T 
statistics are given to indicate differences between each 
variable studied of the two groups. The Pearson corre- 
lation coefficients were then determined among these 
laboratory measurements for low severity patients as 
a group (Table 5) and high severity patients as a group 
(Table 6). Because of the limited number of patients in 
these subgroups, large values were required for signif- 
icance. In the low severity group analysis only two 
relationships were significant at p < 0.05. These were 
insulin-glucose (+0.858) and p-cortisol (0.679). In con- 
trast, in the high severity group, four relationships were 
significant at p < 0.05. These were: cortisol-glucagon 
(+0.844), FFA-glucagon (+0.806), glucose-glucagon 
(—0.798), and FFA-glucose (—0.918). Interestingly, 
the two relationships shown to be significant in the 
low severity group, i.e., insulin-glucose and p-cortisol, 
had no correlation in the high severity group, being 
—0.010 and +0.107 respectively. 

Discriminant analysis, which distinguishes between 
two groups using a collection of discriminatory vari- 
ables from each group, was then used in the analysis 
of these two groups. This analysis produced a dis- 
criminant function which is a linear combination of this 
set of variables. Means of the low and high severity 
groups (Table 4) was used in this analysis. A regression 
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TABLE 4. Means of Laboratory Measurements for Low and 
High Severity Patient Groups 


Low Severity High Severity 


N 8 5 t 
Insulin 63.8 13.4 1.84 
Human growth hormone hee 1.5 2.80 
Cortisol 41.3 30.8 3.32 
Glucagon 167.7 408.9 1.33 
Free fatty acid 268.1 397.7 2.36 
Triglyceride 114.4 141.6 1.21 


Glucose 140.0 158.8 1.08 


analysis on all laboratory variables identified insulin, 
glucagon and glucose as predictor variables in the op- 
timal classification function. R? for this relationship 
was 0.78. 

The resulting discriminant function was given by: 


Y = 0.198 x Glucose — 0.121 x Insulin 
+ 0.013 x Glucagon — 26.688. 


Patients whose values of glucose, glucagon and insulin 
result in y > 0 are classified as ‘‘expected fatalities”? 
while those with y < 0 are ''expected survivors.’’ The 
above equation correctly classified all 13 patients. 


Discussion 


One of the major obstacles to understanding the 
hypermetabolic response to trauma is the cause and 
effect relationships that exist between carbohydrate, 
protein and lipid substrates and the metabolic hor- 
mones. Numerous studies have elucidated relation- 
ships in segments of the metabolic consequences of 
injury. The results remain, however, disconnected. 

Multiple regressions analysis of a variety of the 
variables involved in the metabolic response of a pa- 
tient or group of patients is a way of determining where 
significant relationships exist of all the possibilities 
present. In addition, by including an evaluation of the 
severity ofthe trauma, the contributions of this variable 
to the total response can be determined. 


TABLE $5. Correlation Matrix of Low Severity Group Observation (N — 8) 








Human Free 
Growth Fatty Probability 
Insulin Hormone Cortisol Glucagon Acid Triglyceride of Death Glucose 

Insulin 1.000 
Human growth hormone —.356 1.000 
Cortisol — .085 .440 1.000 n 
Glucagon .359 .509 .298 1.000 
Free fatty acid —.333 —.243 — .083 —.075 1.000 
Triglyceride —.207 .074 —.133 —.312 .330 1.000 
Probability of death —.183 .034 .679 —.249 —.305 —.436 1.000 
Glucose .858 —.402 .192 SN —.133 —.123 —.037 1.000 


a 
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TABLE 6. Correlation Matrix of High Severity Group Observation (N = 5) 


Vol. 190 e No. 6 

Human 

Growth 

Insulin Hormone Cortisol 

Insulin 1.000 
Human growth hormone —.425 1.000 
Cortisol A9 —.519 1.000 
Glucagon .075 —.405 .844 
Free fatty acid —.345 A23 .433 
Triglyceride —.146 .544 .431 
Probability of death —.552 —.448 .107 
Glucose —.010 —.039 —.410 


The results obtained in the present study confirm 
the changes in metabolic substrates and hormone 
mediators seen in other studies of the hypermetabolic 
response to thermal injury. Increased secretion of 
human growth hormone, cortisol and glucagon was 
quantitated. There was evidence of both impaired and 
elevated secretion of insulin. Results of these altera- 


tions were seen in abnormal caloric substrate regulation. 


Regression analysis of mean values for all parameters 
studied for all patients established several pairs as sig- 
nificant relationships in control of glucose concen- 
tration. Most highly correlated was probability of death 
as a measure of severity of injury and cortisol level. It 
has been suggested that cortisol may be responsible 
for early post injury metabolic responses.? The strong 
correlation between cortisol and glucagon similarly 
supports previous work which suggests glucagon as a 
mediator of later post metabolic responses.**?8 

Of importance to this study was the analysis of corre- 
lations when considering severity of injury. It became 
evident that correlations of marginal significance when 
considering all patients as a group had no correlation 
in one severity group but were highly correlated in the 
other group. For example, the correlation of insulin and 
glucose was only significant at p — 0.1 for all patients 
had no correlation in the high severity group but were 
significantly correlated (p — 0.05) in the low severity 
group. 

In the low severity group, not surprisingly, cortisol 
and probability of death were related. However, the 
only other significant correlation was insulin and 
glucose. This group characteristically also had elevated 
levels of insulin (mean 63.8) similar to insulin resistance 
reported in other severe stress.*-'* It, thus, appears that 
a loss of glucose regulation occurs in conjunction with 
insulin resistance without significant interplay from 
other factors in the group of patients with low severity 
injury. 

In marked contrast was the correlations between 
variables in the high severity group. Insulin did not 
correlate with glucose concentration but was replaced 
by a strongly negative correlation between glucose and 


Free 
Fatty Probability 
Glucagon Acid Triglyceride of Death Glucose 
1.000 

.806 1.000 

.441 .606 1.000 

.031 —.087 —.423 1.000 

—.798 —.918 —.520 .381 1.000 


glucagon. These inappropriately low insulin levels are 
consistent with the decreased insulin secretion seen in 
other severe stress states.''9 Additionally, relation- 
ships existed between glucagon and cortisol or free 
fatty acid. This data supports the suggestion that hyper- 
glucagonemia plays a significant role in hyper- 
glycemia? but only in severely injured patients. In- 
terestingly, growth hormone and cortisol were not seen 
to act significantly with glucagon to affect glucose level. 
The negative correlation between free fatty acid and 
glucose may be the result of fat utilization as an energy 
source” again only seen in severely injured patients. 

The physical limitation of patient samples precluded 
evaluation of blood catecholamine levels or investiga- 
tion of protein breakdown for gluconeogenesis. The 
relationship of catecholamine to factors studied here, 
as well as that of protein catabolism!???! have shown 
the significant roles played by these factors. Inclusion 
of these factors would certainly have brought forth 
additional data. The data analysis previously discussed 
evaluated each variable in a correlation matrix where 
glucose was the dependent variable. Thus, any one 
factor could be assessed in its correlation to any one 
other factor in affecting glucose concentration. In an 
effort to expand on this, a discriminate function 
analysis was employed. This allowed any of the vari- 
ables studied to enter the equation when it made a con- 
tribution, even though it may not be significantly dif- 
ferent between each of the two severity groups in- 
dividually. In this analysis, glucose, insulin and 
glucagon only were selected as predictor variables. It 
was not intended that this function be used, prospec- 
tively but was used in a retrospective analysis of the 
data to identify the interaction of all significant vari- 
ables. However, it may facilitate management deci- 
sions in the experimental treatment of hypermetabolic 
responses. 
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S J In patients with serious bacterial infection, the 
C ecting choice of antibiotic therapy is usually made on the 
an aminoglycoside: basis of the effectiveness-to-risk ratio. This considera- 
M tion is particularly important when an aminoglycoside 
l 2^ antibiotic is indicated. 
d v The activity of Nebcin® (tobramycin sulfate, Lilly) 
“We against a wide range of gram-negative organisms is 
% ya now well known. A review of worldwide literature 
M7 shows “that tobramycin has significant antibacterial 


activity and that it is the most potent of all aminogly- 
cosides against P. aeruginosa. The antibacterial 
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activities of tobramycin and gentamicin against mem- serious complicated and recurrent urinary 
bers of the Enterobacteriaceae are comparable, with tract infections 
each agent possessing slightly greater activity than the serious skin, bone, and soft-tissue infections, 


other against selected strains of any species. | 
Nebcin is indicated in the treatment of 


septicemia 
serious lower respiratory infections 

gastrointestinal infections, including 
peritonitis 





including burns 
caused by susceptible strains of the following 
microorganisms: Pseudomonas aeruginosa, 
Escherichia coli, Proteus sp. (indole-positive and 
indole-negative), Providencia, Klebsiella-Entero- 
bacter-Serratia group, Citrobacter sp., and 
staphylococci, including Staphylococcus aureus 
(coagulase-positive and coagulase-negative). 


~ The proximal tubule 


The proximal tubule is the site in the 
renal system where aminoglycosides produce 
nephrotoxicity 

An investigator has studied the urinary 
excretion of alanine aminopeptidase, a principal 
enzyme of the brush-border membrane of the proximal 
tubule? Levels of the enzyme become elevated in the 
urine as a result of toxic lesions in acute tubular necro- 
sis or of inflammatory processes in the kidney, such as 
rejection crisis. In measurements of the effect of amino- 
glycosides (administered for three consecutive days) on the excretion 
of this enzyme by healthy humans, tobramycin appeared to have a 
minimum effect on the brush-border membrane. 

Another investigative team has studied the relationship between 
tissue concentration and toxicity? The toxicity of aminoglycosides 
may be related to the degree of their binding to tissue. Hence, 
aminoglycosides that accumulate less may be less nephrotoxic. 

All aminoglycosides are potentially nephrotoxic and ototoxic. 
Therefore, patients should be monitored closely when aminogly- 
cosides are being used. Patients with impaired renal function, the 
elderly those with underlying disease, those with prior exposure to 
potentially nephrotoxic agents, and those with poor host resistance 
are at special risk. During clinical trials in 3506 patients treated with 
tobramycin, investigators reported drug-related nephrotoxicity in 
1.5 percent (53 patients). 

In view of the effectiveness of Nebcin and the relatively low risk of 
nephrotoxicity, tobramycin can be an appropriate choice for patients 
requiring aminoglycoside therapy. 
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WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inherent 
potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impairment 
may develop if patients have preexisting renal damage and if Nebcin is admin- 
istered for longer periods or in higher doses than those recommended. 

Tebramycin is potentially nephrotoxic. Renal and eighth-nerve function 
showid be closely monitored in patients with known or suspected renal 
impairment and also in those whose renai function is initially normal but who 
develop signs of renal dysfunction during therapy. Such impairment may be 
characterized oy cylindruria, oliguria, proteinuria, or evidence of nitrogen 
retention (increasing BUN, NPN, or creatinine). Evidence of impairment in 
renal, vestibular, or auditory function requires discontinuation of the drug 
or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half4ife of the drug. 

inthe case cf overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will heip remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and prolonged 
concentrations above 12 mcg/mi should be avoided. Urine should be 
examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy —Safety of this product for use during pregnancy has 
not been established. 


Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, isderived from the actinomycete Streptomyces tenebrarius. Nebcin Injection is 
a clear and colorless sterile aqueous solution for parenteral administration. It is stable 
and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 





Adverse Reactions: Nephrotoxicity — Renal function changes, as shown by rising 
BUN, NPN, and serum creatinine and by oliguria, cylindruria, and increased protein- 
uria, have been reported, especially in patients with a history of renal impairment who 
are treated for longer periods or with higher doses than those recommended. 

Neurotoxicity — Adverse effects on both the vestibular and auditory branches of the 
eighth nerve have been noted, especially in patients receiving high doses or prolonged 
therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the ears, and 
hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than those 
recommended. 

Other reported adverse reactions possibly related to Nebcin include increased serum 
transaminase (SGOT, SGPT) and increased serum bilirubin; anemia, granulocytopenia, 
and thrombocytopenia; and fever, rash, itching, urticaria, nausea, vomiting, headache, 
and lethargy. 

Suggested Dosage Guides ~1.M./LV.: 

The usual duration of treatment is seven to ten days. 

Usual dosage for adults, children, and older infants (normal renal function) — 

3 mg/kg/day administered in three equal doses every eight hours. In life-threatening 

situations, the dosage may be increased up to 5 mg/kg/day administered in three or 

four equa! doses. This dosage should be reduced to 3 mg/kg/day as soon as clinically 
indicated. (Refer to Table 1 for dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function) — 
Up to 4 mg/kg/day may be given in two equal doses every 12 hours. 

Dosage guidelines for adult or pediatric patients with reduced renal function — 

After a loading dose of 1 mg/kg, subsequent dosage must be adjusted either with 

reduced doses at eight-hour intervals or with normal doses at prolonged intervals. 

To determine the reduced dose at eight-hour intervals, see the convenient nomogram 

in the package literature * To calculate normal dosage at prolonged intervals (if the 

creatinine clearance rate is not available and the patient's condition is stable), the 
following formula may be used: 
1 mg/kg q(6x serumcreatinine)h 

Neither regimen should be used when dialysis is being performed. 

I. V. Administration — The usua! volume of diluent for adults is 50 to 100 mi. For 
children, the volume of diluent should be proportionately less than for adults. The 
diluted solution usually shouid be infused over a period of 20 to 60 minutes. 


*An alternate rough guide for determining reduced dosage at eight-hour intervals (for patients 
whose steady-state serum creatinine values are known) is to divide the normally recommended dose by 
the patient's serum creatinine. 


Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 


Usus! Dose for 
Serious infections 


Maximum Dose for Life- 
Threatening Infections 
(Reduce as soon as possible) 
1.66 me/ke q 8h 
(Total, 5 mg/kg/day) 


For Patient 
Weighing 
ke Ib 


1 mg/ke q 8h 
(Total, 3 mg/kg/day) 
mg/dose mi/doset 
q8h 
120 mg 3 mi 


caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphylococci, 
including Staphylococcus aureus (coagulase-positive and coagulase-negative). 

Nebcia is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infections: 
gastrointestinal infections, including peritonitis; and serious skin, bone, and soft-tissue 
infections, including burns, caused by the susceptible organisms listed above. Clinical 
studies have shown Nebcin also to be effective in serious complicated and recurrent 
urinary tract infections due to these organisms. Aminoglycosides, including Nebcin, 
are not indicated in uncomplicated initial episodes of urinary tract infections unless 
the causative organisms are not susceptible to antibiotics having less potentia! toxicity. 
Nebcin may be considered in serious staphylococcal infections when penicillin or 
other potentially less toxic drugs are contraindicated and when bacterial susceptibility 
testing and clinical judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate and 
identify etiologic organisms and to test their susceptibility to tobramycin. If suscepti- 
bility tesis show that the causative organisms are resistant to tobramycin, other 
appropriate therapy should be instituted. In patients in whom gram-negative 
septicerráa, neonatal sepsis, or meningitis is suspected, including those in whom 
concurrent therapy with a penicillin or cephalosporin and an aminoglycoside may be 
indicatec, treatment with Nebcin may be initiated before the results of susceptibility 
studies are obtained. The decision to continue therapy with Nebcin should be based on 
the results of susceptibility studies, the severity of the infection, and the important 
additionat concepts discussed in the WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use 

Warnings: See WARNINGS box above. 

Precautions: Spec: mens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg/kg). The possibility that prolonged or 
secondary apnea may occur should be considered if tobramycin is administered to 
anesthetized patients who are also receiving neuromuscular blocking agents, such as 
succinyicholine or tubocurarine, 

Cross-allergenicity among aminoglycosides has been demonstrated. 

if overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 


800646 


115 mg 
110 mg 
105 mg 
100 mg 
95 mg 
90 mg 
85 mg 
80 mg 
75 mg 
70 mg 
65 mg 
60 mg 
55 mg 
50 mg 
45 mg 
40 mg 


2.9 mi 
2.75 ml 
2.6 ml 
2.5 ml 
2.4 mi 
2.25 mi 
2.1 ml 
2 m! 
1.9 mi 
1.75 ml 
1.6 mi 
1.5 ml 
1.4 mi 
1.25 ml 
1.1 mi 
i mi 


*Applicable to at! product forms except Nebcin, Pediatric, injection (see How Supplied). 


Additional information available to the profession 
on request from Eli Lilly and Company, 
Indianapolis, indiana 46206. 


Litt, Eli Lilly Industries, Inc. 


Carolina, Puerto Rico 00630 





How Supplied: Ampoules (Vials) Nebcin* (tobramycin sulfate, Lilly), Injection, 80 mg 
(equivalent to tobramycin) per 2 ml, 2 ml, rubber-stoppered, in packages of 1 and 
Traypaks™{multivial cartons, Lilly) of 25. 
Ampoules (Vials) Nebcin, Pediatric, Injection, 20 mg (equivalent to tobramycin) per 
2mi, 2 mi, rubber-stoppered, in packages of 1. 
Hyporets* (disposable syringes, Lilly) Nebcin, Injection, 60 mg (equivalent to 
tobramycin) per 1,5 mi, 1.5 mi, and 80 mg (equivalent to tobramycin) per 2 mi, 2 mi, 
in packages of 24. 
Each mi also contains 5 mg phenol as a preservative, 3.2 mg sodium bisulfite, 0.1 mg 
edetate disodium, and water for injection, q.s. Sulfuric acid and/or sodium hydroxide 
may have been added to adjust the pH. 


[0304780] 
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OTO -:-ATI"- AIN 


-. prompt narcotic/analgesic 
relief without A.PC. 


The principal analgesic ingredient, oxycodone, is 
a semisynthetic narcotic with multiple actions 
qualitatively similar to those of morphine. The 
analgesic effect of oxycodone begins within 10 to 
15 minutes after oral administration, peaks at 45 
minutes, and persists for 3 to 6 hours.’ Acetamin- 
ophen, a non-narcotic analgesic, complements 
the pain relief provided by oxycodone. 





Summary of Prescribing Information 
Contraindications: Hypersensitivity to oxycodone or 
acetaminophen 


Warnings: Drug dependence: Oxycodone can pro- 
duce drug dependence of the morphine type and 
may be abused. Psychic dependence, physical 
dependence and tolerance may develop upon 
repeated administration, prescribe and administer 
with same caution appropriate to other oral narcotic- 
containing medications. Subject to the Federal Con- 
trolled Substances Act 

Usage in ambulatory patients: Caution patients that | 
oxycodone may impair mental and/or physical abili- 
ties required for performance of potentially hazardous 
tasks such as driving a car or operating machinery 
Interaction with other Central Nervous System 
depressants: Patients receiving other narcotic anal- 
gesics, general anesthetics, phenothiazines, other 
tranquilizers, sedative-hypnotics or other CNS 
depressants (including alcohol) with TYLOX capsules 
may exhibit additive CNS depression. When such 
combined therapy is contemplated, the dose of one 
or both agents should be reduced. 

Usage in pregnancy: Safe use not established 
Should not be used in pregnant women unless 
potential benefits outweigh possible hazards 

Usage in children: Should not be administered to 
children 


Precautions: Head injury and increased intracranial 
pressure: The respiratory depressant effects of nar- 
ad cotics and their capacity to elevate cerebrospinal fluid 
pressure may be markedly exaggerated in the pres- 
ence of head injury, other intracranial lesions or a 
pre-existing increase in intracranial pressure. Fur- 
thermore, narcotics produce adverse reactions which 
may obscure the clinical course of patients with head 
injuries 
Acute abdominal conditions: TYLOX capsules or 
other narcotics may obscure the diagnosis or clinical 
course of acute abdominal conditions 
Special risk patients: Administer with caution to cer- 
tain patients such as the elderly or debilitated, and 
those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease, and 
prostatic hypertrophy or urethral stricture 


Adverse Reactions: Most frequent: Lightheaded- 
ness, dizziness, sedation, nausea and vomiting; more 
prominent in ambulatory than non-ambulatory 
patients; some of these reactions may be alleviated if 
the patient lies down. Others: euphoria, dysphoria, 
constipation, skin rash and pruritus 


Dosage and Administration: Dosage should be 
adjusted according to severity of pain and response 
of the patient. It may occasionally be necessary to 
exceed the usual dosage recommended below in 
cases of more severe pain or in those patients whc 
have become tolerant.to the analgesic effect of nar- 
cotics. TYLOX capsules are given orally. Usual adult 
dose is one capsule every 6 hours as needed for 


pain / \ | ) 
5 Drug Interactions: CNS depressant effects may be C S U LES 


additive with that of other CNS depressants. See 





Warnings. a 

Caution: Federal law prohibits dispensing without oxycodone HCI 4.5 mg, 
prescription. oxycodone terephthalate* 0.38 mg, 
For information on symptoms/treatment of over- acetaminophen 500 mg 


dosage, see full prescribing information. 
Full directions for use should be read before adminis- 
tering or prescribing. 


*Halpern, L.M., and Bonica, J.J., "Analgesics, in 
Modell, W., ed. Drugs of Choice 1976-1977, St. Louis, 


The C.V. Mosby Co.. 1976, p. 213 0775 i , 
y P McNeil Laboratories, McNEILAB, Inc., Fort Washington, PA 19034 © McN 1978 


*Warning: May be habit forming. 


Through the lenses of a Nikon F2 and a sigmoidoscope: 


the decisive difference 


between PROCTOFOAM 
and the suppository. 


PROCTOFOAM * The suppository 


The study: 


a 36-year-old volunteer, 
tree of rectal pathology, 
was administered a 
traditional hemorrhoidal 
suppository and 
PROCTOFOAM * on 

Bb5 minutes at 5 minutes successive days a 
determine differences 
between the two agents 
in speed and extent ot 
coverage. Both sets of 
photographs were taken 
by a Nikon F2 through 
a sigmoidoscope. 


at 15minutes at 15 minutes 


at 30 minutes at 30 minutes 


- 


at 60 minutes. at 60 minutes 





Unique photosigmoidoscopic evidence 


demonstrates the superiority of 
PROCTOFOAM over the hemorrhoidal suppository 
in both speed and extent of coverage. 


Within 5 minutes, PROCTOFOAMSN?* has coated the PROCTOFOAM*-HC 
(hydrocortisone acetate 1 


Before prescribing, see complete product information of which 
the following is a brief summary. 


Contraindications: Topical steroids are contraindicated in those 
MERO ; ] Lo PEAS patients with a history of hypersensitivity to any of the components 
still in the slow process of melting and giving limited ofthe preparation 


coverage, PROC TOFOA M continues to provide d Precautions: If irritation develops. the product should be discontin- 
ued and appropriate therapy instituted 

In the presence of an infection, the use of appropriate antifungal or 
antibacterial agents should be instituted. If a favorable response 
does not occur promptly. the corticosteroid should be discontinued 
melted; coverage is extremely uneven, while until the infection has been adequately controlled. 

T6] ` yaw ! ; 1 If extensive areas are treated or if the occlusive technique is used, 
PROCTOFOAM continues to provide even coverage. the possibility exists of increased systemic absorption of the cor- 
3 . ^ `, 1! -osteroid and suitable prece lS ld be taken par i 
l Ipon application, PROCTOFOAM fills the anal bip itn tq precautions should be taken particularly in 
cavity, spreading evenly into rectal crypts, folds, Although topical steroids have not been reported to have an ad- 
aa ohd he Loud sues: And becaise verse effect on human pregnancy. the safety of their use in pregnant 
papillae and hemorrhoidal sites. And because women has not absolutely been established. In laboratory animals, 
PROCTOFOAM is mucoadhesive, medication is kept increases in incidence of fetal abnormalities have been associated 
with exposure of gestating females to topical corticosteroids, in 
n ws some cases at rather low dosage levels. Therefore. drugs of this 
to bring prompt, sustained and eftective reliet trom class should not be used extensively on pregnant patients, in large 


itching and pain without leaking or staining. amounts, or for prolonged periods of time. 
This product is not for ophthalmic use. 


PROCTOFOAM is available in two tormulations: Adverse Reactions: The following local adverse reactions have 


: a T: SAA been reported with topical corticosteroids. especially under occlu- 
) 2 R > ‘ ' > > ‘ - » 
PROCTOFOAM *- HC tor temporary relief of acute, sive dressings: burning. itching. irritation, dryness, folliculitis, hyper- 


intlammatory anorectal disorders and tor postopera- trichosis, acneiform eruptions, hypopigmentation, allergic contact 


x 2 S - dermatitis; maceration of the skin, secondary infection, skin atrophy, 
tive pain. PROCTOFOAM-HC provides faster wound striae. and miliaria. 


>. l-4 ) > eves Mg 1 i420 i TEPEN XT $n " 
he aling (2! 2 tO j W eeks instead ot 31 2 tO 4 wee ks) 4 Dosage and Administration: Apply to affected areas 3 or 4 times 
less scar formation;'~* less edema, inflammation, daily. Use the applicator supplied for rectal application. For perianal 
: ; ee use, transfer a small quantity to a tissue and rub in gently. 
itching, pain and tenesmus. ' 7? Non-steroid | | 
JD s . D L ; How Supplied: In aerosol container of 10 gm., with special rectal 
PROCTOFOAM" tor maintenance therapy when the applicator. The aerosol delivers approximately 24 applications. 


inflammatory phase has been brought under control. 


mucosa of the rectal ampulla while the suppository 
remains virtually intact. 


At 10, 15, and 30 minutes, while the suppository is 


thick coating on the mucosal surface. 


At the end of a full hour, the suppository has finally 


in prolonged contact with tender irritated membranes 


References: 1. Bernstein. l.: Surg. Dig. 4:23. Jan. 1969. 2. Sladek, 


Both PROCTOFOAM and PROCTOFOAM-HC W.R.: Scientific Exhibit, 69th Annual Meeting of American Proc- 
; with ; v IX ‘ dica TS tologic Society, April 1970. 3. Sladek, W.R.: Am. J. Clin. Res. 1:33. 
come with an easy-to-use, Measured-dose applicator Jan.-Feb. 1970. 4. Miller. H.: Am. J. Proctol. 18:59. Feb. 1967. 


that assures proper placement of the medication. 5. Lieberman, W.: Am. J. Proctol. 20:134. April 1969 


PROCTOFOAM. For faster and more complete 
coverage than the hemorrhoidal suppository. Kc Reed & Camrick/Kenilworth, New Jersey 07033 


PROC TOFOAM-H 


EACH MEASURED DOSE (APPROX. 6.5 ML.) DELIVERS HYDRO- 
CORTISONE ACETATE 1%, IN A WATER-SOLUBLE, 
MUCOADHESIVE FOAM BASE. 


FOR TEMPORARY RELIEF OF ACUTE 
INFLAMMATORY ANORECTAL DISORDERS AND 


successor to i " = * t, FOR POSTOPERATIVE PAIN. 
the hemorrhoidal 
suppository.. y 


~n nonesteroid 


ePROC TOFOAM 


= FOR MAINTENANCE THERAPY WHEN THE INFLAMMATORY 
7 — PHASE HAS BEEN BROUGHT UNDER CONTROL. 








DISPOSAB SKIN STAPLER 


PROXI 


ETHICON 


PRENIMATE 














Samtaki: easy use. ‘Smooth trigger « peces vith less firing 
and enge work dnd. set sooth ln anda E rs ` 


Bid: idol ripe Wound Merge are ined Hone io bab he 
staple's legs. Tissue reaction and trauma are minimal. Wider - 
crowns keep the staples upright, minimizing rotation, easing 
removal. 

Staple counts and sizes for all closing needs 

PROXIMATE products are available with regular and wide staples 
in counts of 15, 35, and 55 to meet closing needs for short, | 
medium, and long incisions. 


agemark QF- THICOA 


MATE 


Touch skin lightly using centerline 
indicator to ensure equidistant staple 
placement across the incision. 

Fire, release completely, and with- 
draw instrument with backward 








ETHICON 


Innovators in wound closure 


PROXIMATE staplers have been 
proven 99% reliable in actual use.** 


Staples placed accurately. — CS noved qu 


Designed for precise placement. | sy for surgeon 


2. ae 


ior WE a 
paut Ji. 


Ample space between staple crown Extractor designed for easy removal 

and skin surface minimizes cross- of staples. Simply position jaws 

hatching and eases staple extrac- beneath staple span, squeeze 

tion. Properly placed staples handles until fully closed, and lift 

provide accurate apposition with staple. **Based on data on file at ETHICON, INC. 
minima ion. for PSR35 and PSW35. 





Now...in moderate to severe pain 


Important option when 
potent parenteral analgesics 
are indicated 


B Standard doses of Stadol are as 
effective in relieving pain as standard 
doses of both morphine * and 
meperidine.^ ?' 


E By either I.M. or I. V. route—pro- 
vides prompt onset of analgesia, 
achieves peak activity rapidly, main- 
tains effects for 3—4 hours. 


E Distinguished by its favorable side 

effects profile, *?'77:7*?'—|ow physi- 
cal-dependence liability, limited respi- 
ratory depressant effect, little nausea 


Unsurpassed pain relief 


3.5 E x | 
| Moderate to severe pain, all doses |. V. 
«wm Butorphanol tartrate 0.5 mg 
"um Butorphanol tartrate 1.0 mg. | 
=== Butorphanol tartrate 2.0 mg 
me Morphine sulfate 2.5 mg. | 
mmm Morphine sulfate 5.0 mg 
(N=116 







| 
3.0 | 





2:9 | 


Pain relief score 


0.5! 











— 


0 1.0 2.0 3.0 4.0 


Hours after administration 


Average mean pain relief scores 
In response to butorphanol tartrate 
and morphine sulfate 


In this study "'... butorphanol tartrate 

0.5 mg produced greater relief than 
morphine sulfate 2.5 mg and butor- 
phanol tartrate 1.0 and 2.0 mg produced 
greater relief than morphine sulfate 

5.0 mg.” (DelPizzo') 





and vomiting, and low incidence of 
CNS effects other than sedation. 


E 2 mg. of Stadol produces an order 
of respiratory depression similar to 
that caused by 10 mg. of morphine. 
In contrast to morphine, increasing 
Stadol doses yield greater analgesic 
effect,’ without appreciably increas- 
ing liability for respiratory depres- 
sion.'* 


Unsurpassed pain relief 


— 


Moderate to severe pain, all doses I.M 


emm Butorphanol | mg./70 kg 
wmm Butorphanol 2 mg./70 kg 
www Butorphanol 4 mg./70 kg 
wmm Meperidine 40 mg./70 kg 
mmmm Meperidine BO mg./70 kg 
(N= 104) 









Pain relief score 








0 1.0 RS E 3.0 4.0 


Hours after administration 


Average mean pain relief scores 
In response to butorphanol tartrate 
and meperidine hydrochloride 


In moderate to severe pain, butorphanol 
tartrate provided relief “’... that was not 
statistically distinguishable from that 


achieved with 80 mg/70 kg meperidine.” 
(Gilbert et al5) 





E The low addictive potential of 
Stadol** is underscored by its narcotic 
antagonist properties. 


Stadol is not recommended for 
patients physically dependent on 
narcotics or with significant pre- 
vious narcotic experience. Its use 
in such patients, without prior 
detoxification, will result in induc- 
tion of withdrawal reactions. 


Limited respiratory depressant effect 


Displacement of PACO> (Torr) 


Placebo 





30 60 150 300 


Log dose (44g./ kg.) 
Log dose PACO, displacement curves 


In this graph based on alveolar carbon 
dioxide tension (PACO;) measurements, 
the flatter the curve, the less respiratory 
depression. "The flat dose-response curve 
...0f butorphanol may indicate that, 
because of its antagonistic properties, 
there is a limit to its respiratory depres- 
sant effects. (Adapted from Nagashima et al!5) 
Unlike morphine with its steep dose- 
response curve, the magnitude of res- 
piratory depression does not increase in a 
dose-related manner with Stadol, within 
the range of recommended doses. 






Butorphanol 
tartrate 






Clinical 

parameters Meperidine Morphine 

Control status Schedule II Scheduled — 

Indication , moderate to moderate to 
severe pain severe pain 


Standard I.M. 
dose 


Standard I.V. 50-100 mg. 4—10 mg. 

dose | 

Usual route of I.M./I.V. L.M./I.V. 
administration 


Low physical-dependence liability 




















Onset of pain 30 minutes | 30 minutes 
core relief I.M., very I.M., very 
rapidly I.V. rapidly I.V. 





within 1 hour 
I.M., within 


20 minutes I.V. 
Duration of pain | slightly less 


about 4 hours 
relief 1.M./I.V. than morphine 
Addicting 
potential 


dose-related 
depression 


Peak analgesic 
activity 


T 


within 1 hour 
I.M., within 
| 30 minutes I.V. 





like 
slightly | 









care 0 


Initial days on drug 


Preference scores completed by subjects 
during chronic butorphanol tartrate 
administration compared with scores 
from three other groups of subjects re- 
ceiving 30, 120 and 240 mg. of morphine 
daily. (Adapted from Jasinski et al?*) 


dose-related 
depression 


Respiratory 
effects 





BRISTOL LABORATORIES 
Div. of Bristol-Myers Company 
Syracuse, New York 13201 


BRISTOL 


pp. 325—339; and from manufacturer recommendations. 












closer to 
the ideal 
parenrera 
analgesic 


The following table shows a side-by-side clinical compari: 
of Stadol with both morphine and meperidine. 





Stadol 
Nonscheduled 


moderate to 
severe pain 


2 mg. 
(1 to 4 mg.) 


] mg. 
(0.5 to 2 mg.) 


I.M./I.V. 


less than 30 
minutes I.M., 
very rapidly I.\ 


within 1 hour 
I.M., within 
30 minutes I.V. 


3-4 hours 
low 


limited depres- 
sion—no appre- 
ciable dose- 
related increas: 
within the rang 
of recommende 
doses. 


Data for this table were obtained from: Jaffe, J. H. and Martin, W. R.: Narcotic analgesics and 
antagonists, in The Pharmacological Basis of Therapeutics (Goodman, L. S. and Gilman, A., eds.), 
ed. 5, New York, Macmillan, 1975, pp. 245—283; AMA Drug Evaluations, ed. 3, Chicago, 1977, 


In moderate. 
to severe pain... 










IV 


(outoohand intrate) 


INDICATIONS AND USAGE— 

Stadol is recommended for the relief of moderate to severe pain. 
CONTRAINDICATIONS — Stadol should not be administered to patients who have 
been shown to be hypersensitive to it. 

WARNINGS — Patients physically dependent on narcotics: Because of its an- 
tagonist properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 

Due to the difficulty in assessing addiction in patients who have recently received sub- 
stantial amounts of narcotic medication, caution should be used in the administration of 
Stadol. Detoxification of such patients prior to usage should be carefully considered. 
Drug dependence: Special care should be exercised in administering $tadol to emo- 
tionally unstable patients and to those with a history of drug misuse. When long-term 
therapy is contemplated, such patients should be closely supervised. Even though 
Stadol has a low physical-dependence liability, care should be taken that individuals 
who may be prone to drug abuse are closel Punrvitao. It is important to avoid in- 
creases in dose and frequency of injections by the patient and to prevent the use of the 
drug in anticipation of pain rather than for the relief of pain. 

Head injury and increased intracranial pressure: Although there is no clinical ex- 

perience in patients with head injury, it can be assumed that Stadol, like other potent 

cnalgesics, elevates cerebrospinal fluid pressure. Therefore the use of Stadol in cases of 
injury can produce effects (e.g., miosis) which may obscure the clinical course of 

patients with head injuries. In such patients Stadol must be used with extreme caution 

and only if its use is deemed essential. 

Cardiovascular effects: Because Stadol increases the work of the heart, especially the 

Imonary circuit (see Clinical Pharmacology), the use of this drug in acute myocardial 
infarction or in cardiac patients with ventricular dysfunction or coronary insu iciency 
should be limited to those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS — Certain respiratory conditions: Because Stadol causes some res- 
piratory depression, it should be administered only with caution and low dosage to pa- 
tients with respiratory depression (e.g., from other medication, uremia, or severe = sol 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 

Impaired renal or hepatic function: Although laboratory tests have not indicated 
that Stadol causes or increases renal or hepatic impairment, the drug should be ad- 
ministered with caution to patients with such impairment. Extensive liver disease may 
predispose to greater side effects and greater activity from the usual clinical dose, pos- 
sibly ine result of decreased metabolism of the drug by the liver. 

Biliary surgery: Clinical studies have not been done to establish the safety of Stadol 
administration to patients about to undergo surgery of the biliary tract. 

Usage in pregnancy: The safety of Stadol for use in pregnancy has not been estab- 
lished; therefore, this drug should be used in pregnant patients only when, in the judg- 
ment of the physician, its use is deemed essential to the welfare of the patient. 

Reproduction studies have been performed in rats, mice, and rabbits and have re- 
vealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 2.5 
to 5 times the human dose. 

Usage in labor and delivery: Safety to the mother and fetus following administration 
of Stadol during labor and delivery has not been established. 

Usage in nursing mothers: The use of Stadol is not recommended in nursing mothers 
since it is not known whether this drug is excreted in human milk. 

Pediatric use: Safety and efficacy in children below age 18 years have not been estab- 


ished. 
ADVERSE REACTIONS —The most frequent adverse reactions in 1250 patients treated 
with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy/sweating (76, 6%). 

Less frequent reactions are: headache (35, 3%), vertigo (33, 3%), floating feeling 

EN TAi dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness 
12, 1%). 

Other adverse reactions which may occur (reported incidence of less than 1%) are: 
CNS effects: nervousness, unusual canc agitation, euphoria, hallucinations 
Autonomic effects: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 
aa: diplopia or blurred vision 
OVERDOSAGE — Manifestations: Although there have been no experiences of over- 
dosage with Stadol during clinical trials, this may occur due to accidental or intentional 
misuse as well as therapeutic use. Based on the pharmacology of Stadol, overdosage 
cculd poe some degree of respiratory depression and variable cardiovascular and 
central nervous system effects. 
Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
ncloxone. The respiratory and cardiac status of the patient should be evaluated con- 
stantly and appropriate supportive measures instituted, such as oxygen, intravenous 
fluids, vasopressors, and assisted or controlled respiration. 
DOSAGE AND ADMINISTRATION —Adults: Intramuscular — The usual recom- 
mended single dose is 2 mg. This may be repeated every three to four hours, as neces- 
sary. The effective dosage range, depending on the severity of pain, is 1 to 4 mg. re- 
peated every three to four hours. At this time, there is insufficient clinical data to rec- 
ommend single doses beyond 4 mg. 
Intravenous — The usual recommended single dose for intravenous administration is 1 
mg. repeated every three to four hours as necessary. The effective dosage range, de- 
pending on the severity of pain, is 0.5 to 2 mg. repeated every three fo our hours. 
Children: Since there is no clinical experience in children under 18 years, Stadol is not 
recommended in this age group. 
Storage conditions: When stored at room temperature, the stability of the solution in 
vials is 2 years. 
SUPPLY — Stadol (butorphanol tartrate) Injection for I.M. or I. V. use, 2 mg. per ml., 
2-ml. vial; 1 mg. per ml., 1-ml. vial; 2 mg. per ml., 1-ml. vial; 2 mg. per ml., 10-ml. 
multi-dose vial. 
NDC 0015-5644 —2 mg. per ml., 2-ml. vials 
NDC 0015-5645-— mg. per ml., 1-ml. vials 
NDC 0015-5646—2 mg. per ml., 1-ml. vials 
NDC 0015-5648—2 mg. per ml., 10-ml. multi-dose vials 

For information on package sizes available, refer to the current price schedule. 
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Esophagogastrectomy for Carcinoma 


Current Hospital Mortality and Morbidity Rates 


Between January 1, 1970, and March 1, 1979, 153 patients 
with carcinoma of the esophagus or cardia were seen at the 
Lahey Clinic; 124 (81%) underwent surgical exploration and 
102 (82.3%) were found amendable to resection. This report 
concerns the 82 patients operated on by the senior author, 
72 of whom (87.8%) had surgical resection. A variety of re- 
sective techniques were used but currently esophagogastrec- 
tomy and esophagogastrostomy is preferred, a left thoracotomy 
being used for low lying lesions; upper thoracic and cervical 
lesions are approached through a combined abdominal and 
right thoracic approach or esophagectomy with cervical esoph- 
agogastrostomy and without thoracotomy is used. Two deaths 
occurred within 30 days of operation, a hospital mortality rate 
of 2.8%. Significant complications developed in 11 patients 
(15.3%). The average survival was 20.8 months, and satis- 
factory long-term relief of dysphagia was achieved in 91.2% of 
patients. An aggressive surgical approach to the management 
of patients with carcinoma of the esophagus or cardia is jus- 
tified, for esophagogastrectomy and esophagogastrostomy is 
applicable to the majority of patients; can now be performed 
at low risk with a reasonable period of hospitalization; and 
provides satisfactory long-term palliation. 


REATMENT OF CARCINOMA of the esophagus and 
d: cardia remains a controversial issue, for there is no 
standard approach to therapy. It is generally agreed, 
however, that the disease is difficult to cure and that the 
main goal of therapy is to relieve the symptom of 
dysphagia which most patients have and to prevent its 
progression. Whether irradiation alone, irradiation 
combined with surgery, or surgery alone is the most 
effective means of achieving this goal remains to be 
determined, for no carefully controlled randomized 
study comparing these therapeutic modalities has been 
published. We have long believed that an aggressive 
surgical approach involving resection whenever pos- 
sible provides the most effective palliation at low risk 
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and returns the patient to a normal, meaningful exist- 
ence more rapidly than any other form of therapy. This 
approach has not been accepted universally because of 
reported low operability rates and high mortality rates 
after resection.'’ To justify the selection of resection as 
the treatment of choice for cancer of the esophagus and 
cardia, it must be shown to be applicable to most 
patients with the disease, to be accompanied by low 
hospital mortality and morbidity rates, and to be suc- 
cessful in restoring the swallowing mechanism. The 
present report attempts to respond to these points. 


Materials and Methods 
Case Material 


From January 1970 to March 1, 1979, 153 patients 
with carcinoma of the esophagus or cardia or both were 
seen at the Lahey Clinic. Excluded were those patients 
whose disease was diagnosed elsewhere and who were 
sent to the Lahey Clinic for irradiation. This was done 
so that the patient population under review would not 
be artifically weighted with patients with inoperable 
disease but rather would present more accurately the 
true spectrum of patients with carcinoma of the 
esophagus and cardia encountered at a general clinic. 
Of these patients, 124 (81%) underwent surgical 
exploration of which 102 (82.3%) were found to have 
surgically resectable disease. This report is concerned 
only with the 82 patients operated on by the senior 
author. 

These 82 patients were typical of patients with car- 
cinoma; more ofthe patients were men than women and 
most were of moderately advanced age as illustrated in 
Figure 1. An exception was one woman aged 25 years 
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with carcinoma of the cardia with nodal metastases. 
Like most patients with this disease, dysphagia and 
weight loss were the commonest symptoms. 
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Fic. 2. Location of the tumor in 82 patients operated on for carcinoma 
of the esophagus or cardia. 
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FIG. 1. Age and sex distri- 
bution of 82 patients oper- 
ated on for carcinoma of the 
esophagus or cardia. 
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Pathology 


The location of the tumor in these patients is illus- 
trated in Figure 2. The anatomic divisions used were the 
same as previously described.*'!! Tumors involving the 
esophagogastric junction were so designated. Tumors 
of the lower esophagus were those in which a subaortic 
anastomosis could be performed. If the location of the 
tumor required an anastomosis in the region of or above 
the aortic arch, it was classified as being in the upper 
thoracic esophagus. Those tumors extending into the 
neck were considered cervical in location. As in other 
reports, approximately half of the cancers occurred at 
the esophagogastric junction. 

The pathology of these lesions is summarized in 
Table 1. The preponderance of adenocarcinoma re- 
flects the inclusion of cancers involving the esoph- 
agogastric junction. Of interest are the eight adeno- 
carcinomas arising in the body of the esophagus with a 
columnar epithelium lining (Barrett esophagus). In- 
creasing awareness that Barrett esophagus is a pre- 
malignant lesion has led to more such cases being 
recognized than was true in the past.'? Also, one patient 
with a carcinoma of the upper thoracic esophagus gave 
a history of long-standing, inadequately treated esopha- 
geal achalasia — another known premalignant lesion. 
Surgical staging of the tumors that were resected (72 
patients) was done according to the guidelines estab- 
lished by the American Joint Committee for Cancer 
Staging and End-Results Reporting for carcinoma of 
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the esophagus.” Of those patients, 17 patients had 
Stage I disease, seven had Stage II disease, and 48 had 
Stage III disease. 


Surgical Technique 


Careful preoperative preparation involving the use of 
hyperalimentation when indicated and aggressive 
measures to improve pulmonary function were empha- 
sized. Only when the patient's condition seemed opti- 
mum was operation undertaken. Listed in Table 2 are 
the operations performed on the 72 patients who under- 
went resection. The wide variety of procedures reflects 
changing concepts regarding the best techniques of 
successfully and rapidly achieving palliation. Thus, we 
no longer believe that staged procedures are warranted 
in attempting to achieve rapid palliation. As a result, 
esophagogastrectomy with esophagogastrostomy now 
predominates as the procedure of choice in these pa- 
tients. For lesions at the esophagogastric junction and 
lower esophagus, a left thoracotomy through the bed of 
the nonresected eighth rib rather than a thoracoab- 
dominal approach is now used, exposure of the ab- 
domen being achieved through a semilunar incision in 
the diaphragm bordering the costal arch.?? Resection of 
omentum, spleen, or tail of pancreas is accomplished 
only if involved by direct extension of tumor. The 
technique has recently been described in detail.” Upper 
thoracic esophageal lesions are operated on using two 
incisions. The stomach is mobilized through an upper 
midline abdominal incision, and either a pyloromy- 
otomy or pyloroplasty is carried out. Esophagectomy 
and esophagogastrostomy are performed using a right 
thoracotomy through the bed of the nonresected sixth 
rib. If necessary, esophageal resection can be extended 
through the thoracic inlet, and a cervical esophago- 
gastrectomy is done using a left cervical incision 
bordering the anterior edge of the sternocleidomastoid 
muscle. We are gaining increasing experience partic- 
ularly for upper thoracic lesions with esophagectomy 
without thoracotomy?? and are pleased with the results. 
In this technique, the stomach is freed through the 
upper midline incision and brought through the 


TABLE 1. Pathology 
ep egies Sy 


Number 
ee ee eee ene 
Adenocarcinoma 50 

cardia 4? 
columnar epithelium-lined (Barrett) esophagus 8 
Squamous cell epithelioma 30* 
Miscellaneous 2 
adenoacanthoma l 
carcinosarcoma l 
Total 82 


* One developed in a patient with achalasia. 
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TABLE 2. Operations 








Number 

Intrathoracic esophagogastrostomy 55 
left thoracotomy 25 
right thoracotomy and laparotomy 22 
thoracoabdominal 8 


Cervical esophagogastrostomy 12 
two-staged colon interposition 
esophagectomy without thoracotomy 
left thoracotomy 
right thoracotomy and laparotomy 

Total gastrectomy and esophagojejunostomy 

Miscellaneous 


— Nh 


N | 
N N u 


Total 





posterior mediastinum after manual extraction of the 
cancer-bearing esophagus into the neck where a 
cervical esophagogastrectomy is performed. Division 
of the stomach at the cardia or at a lower level when 
tumors involve the cardia is facilitated by use of a 
stapling instrument. * The esophagogastric anastomosis 
is made without tension using an inner layer of running 
catgut and an outer layer of interrupted silk sutures. To 
minimize anastomotic leakage and to provide some 
degree of gastroesophageal competence, the anastomosis 
is then surrounded partially or in its entirety by adjacent 
gastric fundus as an “‘inkwell’’ procedure.?: 

One of the miscellaneous procedures was a com- 
plicated staged operation, necessitated by repeated 
failures of attempts to interpose segments of small and 
large intestine in a patient requiring total esophagec- 
tomy. Ultimately reconstruction was required using 
full-thickness skin flaps to fashion an antethoracic 
esophagus connecting the cervical esophagus with a 
small segment of jejunum previously anastomosed to 
gastric antrum as originally described by Lexer.'® In 
the other patient, the stomach was transposed sub- 
sternally and a cervical esophagogastrostomy per- 
formed.'? 

A nasogastric tube was used for postoperative gastric 
decompression, and oral feedings were initiated on the 
fourth or fifth postoperative day after preliminary 
fluoroscopic contrast radiographic study of the anas- 
tomotic site had demonstrated its integrity. Oral 
feedings were increased thereafter as tolerated by the 
patient. A gastric drainage procedure was not routinely 
performed, for as some have indicated, it is not always 
necessary and may have some inherent disadvantages.? 
Of the 27 patients who did not have a gastric drainage 
procedure, three required pyloroplasty at a later date. 

Irradiation was not used in these patients with two 
exceptions. One patient had been treated elsewhere 





* Model TA-90 or TA-55, United States Surgical Corporation, 
Stamford, CT. 
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TABLE 3. Complications of Resection 
Number 


Major 11 
intrathoracic leak 2 
cervical leak 2 
postoperative hernia 2 
subphrenic abscess 2 
splenic hemorrhage l 
phlebitis l 
torsion of stomach l 

Minor 8 
arrhythmia 3 
retained secretions 3 
wound infection 2 


with therapeutic irradiation but because of persistent 
dysphagia required resection. Another patient with 
extensive submucosal spread into the pharynx had 
postoperative irradiation to this region because of the 
palliative nature of the operation. 


Postoperative Evaluation 


Information regarding the status of surviving pa- 
tients was obtained within the past two months on all 
but one patient, an Iranian with whom communication 
could not be established. Personal interviews; letters 
from the patient, from relatives, and from referring 
physicians; and postmortem reports were used to 
document the relevant details. A special effort was 
made to establish accurately the patients’ ability to 
swallow either up to the time of his or her death or, if 
alive, at the time of follow-up review. Calculation of 
survival data was based on all followed patients in- 
cluding hospital deaths except those operated on within 
four months of this report (64 patients). The data were 
calculated by the method of Kaplan and Meir.'* P values 
were calculated using Gehan’s generalized Wilcoxon 
statistic for censored data.*1t 


Results 
Resectability 


Resection of the malignant lesion and restoration of 
gastrointestinal continuity was accomplished in 72 of 
these 82 patients for a resectability rate of 87.8%. An 
aggressive surgical approach was followed, and lesions 
were resected regardless of their extensiveness pro- 
vided it could be accomplished safely even in the 
presence of distant metastases. Thus, of these 72 re- 
sections, 11 were considered palliative in nature be- 
cause of the presence of liver metastases, residual 
nodes around the celiac axis or elsewhere, or marked 


t We gratefully acknowledge the assistance of Ralph D'Agostino, 
Ph.D., Professor of Mathematics, Boston University, Boston, 
Massachusetts, in preparing a statistical analysis of the survival data. 
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proximal submucosal spread with residual tumor at 
the resected margin. This latter occurrence was mini- 
mized when recognized by increasing the extent of the 
resection, yet five patients had microscopic evidence of 
small nests of cells at the anastomotic site even though 
frozen sections examined at the time of operation were 
considered negative. 

Of the ten patients whose disease was found to be 
technically nonresectable, five were treated by intra- 
operative insertion of a Celestin tube, one by surgical 
bypass of the lesion, and in four the procedure was 
terminated as an exploration only. The average post- 
operative survival of these ten patients was four and 
one-third months. 


Operative Mortality 


Two patients died in the hospital within 30 days of the 
operation for a hospital mortality rate of 2.8%. In one 
patient severe respiratory problems characterized by 
retained pulmonary secretions required repeated 
bronchoscopies leading ultimately to pneumonia and a 
fatal myocardial infarct on the twenty-third post- 
operative day. Another patient who had recovered 
from an esophagogastrectomy and esophagogastros- 
tomy for carcinoma of the cardia underwent local 
excision of an anal carcinoma 18 days after esophago- 
gastrectomy and died of a myocardial infarct the night 
of the anal surgery. Both of these patients had Stage III 
disease and adenocarcinoma of the esophagogastric 
junction. 


Complications 


In addition to the two deaths, 19 complications were 
recorded, eight of which were considered minor and 11 
major (Table 3). Minor complications, which did not 
prolong the patient's hospital stay, included arrhyth- 
mias, retained secretions, and wound infections. The 
11 major complications, which did prolong recovery, 
constituted an incidence of 15.3%. Anastomotic leak- 
age occurred in four patients, two of which followed 
intrathoracic esophagogastrostomy. One developed 
suddenly on the fifth postoperative day and was suc- 
cessfully resutured. The other occurred after palliative 
esophagogastrectomy for cancer of the cardia the week 
after operation and was treated by open drainage. 
Tracheostomy was later required, and the patient died 
39 days after operation of a pulmonary embolus, the 
only patient with a major complication who died. Al- 
though included as a late death, the precipitating events 
were obviously surgically related. Two cervical leaks 
followed staged colon interposition procedures sug- 
gesting that esophagocolostomy is a less secure 
anastomosis than is cervical esophagogastrostomy: one 
healed spontaneously and the other required surgical 
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closure. With the exception of the former patient and 
the patient with phlebitis, surgical correction of the 
other complications was required. Thus, the two pa- 
tients with postoperative hernias—one a hernia of the 
colon through the hiatus and the other due to obstruc- 
tion of herniated small intestine —required operative 
reduction. Two subphrenic abscesses required surgical 
drainage. Late hemorrhage from a subcapsular splenic 
hematoma required splenectomy in one patient, and in 
another patient with an upper thoracic esophageal 
lesion undergoing intrathoracic esophagogastrostomy 
torsion of the intrathoracic stomach required derota- 
tion to alleviate the obstructive symptoms caused 
thereby. 


Palliation 


Excluding staged procedures and patients with major 
complications, the average hospital stay of patients 
surviving operation was 15.5 days, and all were able 
to eat without difficulty at the time of dismissal. Follow- 
up information on the patients’ continued ability to 
swallow normally after hospital discharge was available 
in 68 patients; 59 of them were considered to have had 
good palliation in that they were able to swallow 
without evidence of obstruction. Three were classified 
as having a fair result in that they were either able to 
swallow without trouble to within a few weeks of death 
or had only occasional difficulty relieved by dilation. 
Thus, successful palliation was achieved in 91.2% of the 
patients. Six were considered to have had poor pallia- 
tion. Two of these poor results were in patients with 
staged colon interposition, one had local recurrence in 
the neck, and the other had a stricture secondary to a 
cervical leak. Anastomotic stricture developed in two 
other patients, and in another two who had evidence of 
submucosal spread to the resected margin a local recur- 
rence developed with recurrent dysphagia. Interest- 
ingly, three of the five patients with evidence of tumor 
cells at the resected margin did not have local recur- 
rence and continued to swallow without difficulty until 
death from metastases. Anastomotic strictures can be 
managed by per oral esophageal dilation techniques. 


Survival 


While the data are inadequate to provide meaningful 
survival statistics, information on patients surviving 
operation excluding those operated on within four 
months and the one patient lost to follow-up study was 
analyzed. The average survival of these 62 patients 
was 20.8 months. Thirty-nine late deaths were re- 
corded, one of which has already been discussed. 
Thirty-five patients died of metastatic cancer. Three 
patients died without evidence of cancer at postmortem 
—one of cardiac failure seven years and ten months 
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after operation, another of a stroke two years and ten 
months after operation, and a third of septicemia 
secondary to pneumonia six months postoperatively. 
Currently 30 patients are alive, seven of whom were 
operated on within the past four months. Four are alive 
more than three years after operation, one of whom is 
currently well eight and one-half years after resection of 
an upper thoracic esophageal cancer. Of these living pa- 
tients, evidence of recurrent or metastatic disease is 
present in four. 

The survival rate for patients with Stages I and II 
disease were combined for statistical reasons and com- 
pared with that of patients with Stage III disease (Fig. 
3). The difference in survival between these two 
groups was highly significant (p < 0.01). When the 
survival rate of patients with Stage III carcinoma of the 
cardia was compared with that of patients with car- 
cinoma of the esophagus of a similar stage the differ- 
ence was insignificant. 


Discussion 


Although the majority of patients in this report who 
had esophagogastrectomy were classified as having 
Stage III disease, they may represent a somewhat 
more favorable group for surgery than is true of some 
other reports, for most of them tended to seek medical 
attention early. This is attested to by the fact that 
nearly 7546 of all the patients seen at the Lahey Clinic 
during the period under review underwent resection, 
and in the smaller series analyzed in this report, nearly 
9076 of those submitted to operation underwent re- 
section. This undoubtedly accounts in part for the 
unusually low hospital mortality rate. 

In other reports, from 50 to 66% of the deaths were 
attributed to anastomotic leakage,’ a complication that 
was seen far less frequently by us. While this may have 
been the result, in part, of the surgical technique, 
perhaps more important was emphasis on proper pre- 
operative preparation of the patient. As indicated be- 
fore, emphasis on hyperalimentation before and after 
operation is essential in patients who have been de- 
bilitated by long-standing dysphagia, though it was by 
no means used in all of the patients in this series. Pul- 
monary infections in the past have been a common 
cause of postoperative mortality, and preoperative 
pulmonary preparation with postoperative respiratory 
therapy was a major feature in the care of these pa- 
tients. The important technical aspects of the pro- 
cedure that may help to minimize postoperative leaks 
include attention to preservation of the blood supply, 
avoidance of clamps on stomach and esophagus, and 
avoidance of tension on the anastomosis. The use of 
the invaginating or ‘‘inkwell’’ technique to protect the 
anastomotic site may also play a role. Preference for 
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primary esophagogastrostomy over colon interposition 
also had a favorable effect on hospital survivorship 
as interposition has been associated with a considerably 
higher mortality rate.‘ It is doubtful whether gastric 
drainage influences anastomotic integrity, but when it 
was not employed, postoperative gastric retention was 
rare—only 10% of such patients later required pylo- 
roplasty or pyloromyotomy. 

While the hospital mortality rate reported here is 
lower than that generally reported, a number of current 
reports of esophagogastrectomy in the American liter- 
ature quote hospital mortality rates under 10%.% 78765 
This low mortality rate coupled with the avoidance 
of significant postoperative complications now makes 
it possible to provide safe, rapid, prompt palliation as 
evidenced by an average hospital stay in this group of 
approximately two weeks. 

These data further reveal that immediate restoration 
of the ability to swallow persists, for over 90% of these 
patients achieved satisfactory palliation. This is in 
contrast to the reported experience with palliation 
afforded by irradiation. Others??? have shown that 
irradiation is less effective in achieving permanent 
palliation, requires a longer period of therapy, and may 
be accompanied by significant complications, such as 
tracheoesophageal fistula, esophageal perforation, 
recurrent stricture, and aspiration. 


No firm conclusions regarding survival rates can be 
deduced from the limited material provided in this 
paper, yet it should be noted that the average survival 
rate of nearly 21 months surpasses that reported for 
irradiation alone.?*?5* The importance of operative 
staging of disease in determining prognosis, however, is 
evident even from these limited data; patients with 
Stages I and II disease survived nearly five times as 
long as did those with Stage III disease. This difference 
in the prognosis, based on the stage of the disease, 
was not seen in the series of cases reported by Drucker 
and associates.* Perhaps this difference is a reflection 
of the fact that in the current series carcinomas of the 
cardia were included, the vast majority of which were 
Stage III lesions. That no appreciable difference be- 
tween the prognosis of patients with adenocarcinoma 
as compared to that of patients with squamous cell 
carcinoma could be identified is probably more a re- 
flection of the staging of the disease than of a specific 
difference in the behavior of tumors of different cell 
type. The clear difference in prognosis between pa- 
tients with Stages I and II lesions compared to those 
with Stage III disease suggests that early diagnosis 
may well provide an improvement in survival rates. 
This is substantiated by a report from China.” By using 
special screening methods, cancer of the esophagus 
could be detected before the development of symp- 
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toms, and nearly 100% of such lesions were resectable 
with a five-year survival rate of more than 70%. 

Finally, no data are provided here regarding the 
potential benefits of combined irradiation and surgical 
resection. The reports of Nakayama and associates, ? 
Akakura and associates, and Parker and Gregorie”! 
claim significant benefits in terms of survival with the 
use of preoperative irradiation. Kasai and associates'” 
have recently presented data suggesting that post- 
resection irradiation particularly in patients without 
nodes has a beneficial effect on survival. On the other 
hand, other reports5:!?:?25 suggest no added benefit 
from combining irradiation with surgical resection. 
Until properly designed randomized studies employing 
surgery alone and surgery combined with irradiation 
are conducted, no final conclusions regarding the rela- 
tive merits of these two therapeutic modalities can be 
made at this time. The data suggest that an aggressive 
surgical approach employing resection whenever 
possible and using esophagogastrostomy as the anas- 
tomotic procedure of choice is accompanied by a low 
hospital mortality rate, a low incidence of serious 
morbidity, a reasonable period of hospitalization, and 
provides excellent long-term relief of dysphagia. This 
review reaffirms our previously held conviction that 
this approach to the management of carcinoma of the 
esophagus and cardia is the currently preferred method 
of treatment. 
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Perforated Stress Ulcer in Infants 


A Silent Threat 


S. DEBO ADEYEMI, M.B., B.S., F.R.C.S.(C),* SIGMUND H. EIN, M.D.C.M., F.R.C.S.(C), F.A.C.S.,t¢ 


JAMES S. SIMPSON, M.D., F.R.C.S.(C), F.A.C.S.1 


Stress ulcer has become an important clinical entity and its 
two major complications —bleeding and perforation —are 
among the most baffling problems, in terms of management, 
in clinical practice. Perforation, though the less common of 
the two, is perhaps the most formidable particularly when 
this occurs in a very sick infant. Four such infants (cyanotic 
heart disease, gastroenteritis and two severe pneumonias) 
all developed this severe complication of their illness and after 
surgery two survived. Two of these infants presented with 
bleeding prior to perforation of their stress ulcer. The perfora- 
tion diagnosis was initially not apparent and was first made 
after radiological examination. Clinical signs of peritonitis 
were absent as these infants were too sick for such signs to 
be elicited. All four ulcers were situated in the posterior wall 
of the duodenum. Two of these infants developed cardiac com- 
plications on the operating table, the cause of which was not 
very clear. It may have been due to the debilitation of these 
babies with the additional effect of anesthesia perhaps leading 
to myocardial toxicity. It is therefore recommended that: all 
sick infants on steroid therapy be placed on prophylactic 
antacids; abdominal girth measurements be taken frequently 
in sick infants to appreciate any unexplained increase in girth; 
such increase in abdominal girth must be evaluated with an 
upright abdominal x-ray; operative closure of the perforation 
must be simple and expedient. 


HORTLY FOLLOWING Selye's description of the 
S "alarm reaction" it was realized that the 
gastrointestinal tract is a major target of the stress 
leading to acute gastric and duodenal erosins. Burns, 
trauma, fulminating infection and intoxication were 
cited as "alarming" stimuli.! Stress ulcer has since 
become an important clinical entity and its two major 
complications — bleeding and perforation — are among 
the most baffling problems, in terms of management, in 
clinical practice. Perforation, though the less common 
of the two, is perhaps the more formidable particularly 
when this occurs in a very sick infant. We would like to 
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report and discuss our experience with four infants who 
presented with this uncommon but challenging problem. 


Case Reports 


Case 1. T. F. was an eight month old male infant with cyanotic 
congenital heart disease. He was treated with a Blalock-Taussig 
shunt in August 1973 following which he went into renal failure 
attributed to acute tubular necrosis and required peritoneal dialysis. 
On the ninth postoperative day his condition deteriorated and ab- 
dominal distension was noted. An upright abdominal x-ray then 
revealed pneumoperitoneum. Emergency laparotomy was performed 
during which bile stained free fluid was encountered and the source 
traced to a perforation 1'^ cm in diameter, situated in the posterior 
wall of the duodenum in close proximity to the common bile duct. 
Because of this position it had to be closed through an anterior 
duodenotomy. Toward the end of the procedure the infant developed 
ventricular tachycardia, and died several hours later in the intensive 
care unit despite vigorous resuscitation. Cause of death on post- 
mortem examination was attributed to cardiac arrhythmia in a patient 
debilitated by severe cardiac and renal disease. 

Case 2. A.H. was a 5 week old male infant who had a respiratory 
tract infection which led to the taking of a chest X-ray. A diagnosis 
of interstitial pneumonia was made and the blood gases revealed 
a Po, of 78 and a Pco, of 30 on a FiO, of 30. Sweat chlorides were 
normal. Because he showed no clinical or radiological improvement, 
an open lung biopsy was performed in September 1976. and was 
reported as bronchiolitis obliterans. Postoperatively he immedi- 
ately went into acute pulmonary edema in the intensive care unit 
from fluid overload during the operation and he had to be placed 
on à respirator. He was also started on steroids as treatment for 
the bronchiolitis obliterans. 

One week later he developed abdominal distension. He did not 
appear to be in pain although he was ill-looking, and abdominal 
palpation revealed no tenderness or guarding. An upright abdominal 
x-ray (Fig. 1) was taken and pneumoperitoneum was present. Emer- 
gency laparotomy was performed and a | cm posteroinferior per- 
foration was found in the first part of the duodenum and it was 
closed by suturing the edges to pancreatic capsule and then rein- 
forced with an omental patch. Postoperatively the steroids were 
reduced and he made a very good postoperative recovery. His lung 
pathology was completely resolved at the time of discharge. 
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Case 3. C.T. was 7^? month male infant admitted to another 
hospital with gastroenteritis five days prior to being brought to our 
emergency department because of passage of dark red blood per 
rectum. There were no positive abdominal findings at initial exami- 
nation and a diagnosis of intussusception was proved wrong by a 
barium enema. 

His hemoglobin was only 8.9 G/100 ml and white blood count was 
10,600. Platelets were normal. He was treated medically including 
whole blood transfusion. Twelve hours following admission 
electrolytes were normal and a technetium scan did not show 
bleeding Meckel's diverticulum. His condition however deteri- 
orated. A review of the barium enema performed on admission was 
thought to be suspicious of malrotation with possible small bowel 
volvulus. An upper gastrointestinal barium series (Fig. 2) was then 
performed to substantiate the suspicion but instead revealed the 
presence of a gastroduodenal perforation. Emergency laparotomy 
was undertaken. The bowel was found to be normally rotated. and 
there was free barium in the peritoneal cavity. The duodenum had 
to be Kocherized in order to visualize a posterior wall perforation 
1% cm in diameter situated in the second part. It was closed through 
an anterior longitudinal duodenotomy which was in turn closed 
transversely. During the procedure the infant went into many 
episodes of ventricular tachycardia causing the operation to be inter- 
rupted many times to carry out resuscitation. His postoperative 
serum potassium was 2.9 mg/100 ml. He died shortly after arriving 
in the intensive care unit and his parents refused autopsy. Cause 
of death was attributed to cardiac arrhythmia secondary to metabolic 
imbalance. 

Case 4. S.B. was born in May 1977 with a small omphalocele 
which was closed in a outside hospital at age two days. Shortly there- 
after, he regurgitated his feedings and developed aspiration pneu- 
monia. He was then transferred to the Hospital for Sick Children 





Fic. 1. Case 2. Upright abdominal x-ray showing free air from per- 
forated duodenal ulcer. 
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Fic. 2. Case 3. UGI series showing extravasation of barium into 
lesser sac and peritoneal cavity from perforated duodenal ulcer. 


where a barium swallow and UGI series showed frequent recurrent 
small aspirations without coughing or gagging. Sweat chlorides 
were normal and he was subsequently diagnosed as having pharyngo- 
esophageal dyskinesia. He was vigorously treated for his lung in- 
fection and was fed only by gastrostomy. When he was well, he 
was discharged home in July 1977 with gastrostomy feedings. One 
month later he was well and a repeat barium study showed only 
slight aspiration, so he was started on thickened oral feeds. Two 
months later he was admitted in acute respiratory distress with severe 
aspiration pneumonia, and had a cardiopulmonary arrest from which 
he was successfully resuscitated; emergency bronchoscopy revealed 
milk in his tracheobronchial tree. He was again treated vigorously 
with antibiotics and steroids etc. and was put on a respirator. Two 
days later, he was still quite sick with seizures, metabolic alkalosis 
with hypocalcemia and developed an upper gastrointestinal bleed 
which dropped his Hgb to 6.5 G/100 ml. His abdomen suddenly be- 
came distended and x-rays revealed pneumoperitoneum. He was 
immediately taken to the operating room where free blood was found 
in the posterosuperior aspect of the first part of the duodenum which 
had perforated into the lesser sac. The ulcer was closed and a 
pyloroplasty was made. Since then he has required continuous 
ventilatory care through a tracheostomy for repeated bouts of 
aspiration despite gastrostomy feedings. He has developed chronic 
lung disease due to frequent vomiting and aspiration even though 
repeated esophageal barium and manometric studies show no 
gastroesophageal reflux. 
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Discussion 


Although stress ulcers frequently complicate several 
clinical conditions, it is quite uncommon for them to 
perforate; upper gastrointestinal bleeding is usually the 
presenting feature. It is interesting that two out of four 
of these infants had presented with perforation as the 
initial manifestation of their stress ulcer. Perinatal 
gastrointestinal perforation (most commonly gastric) 
is a known entity, but to our knowledge there are no 
reports of stress ulcer perforation in infants outside 
the perinatal period. It is hard to say at this point that 
very sick infants are more susceptible than older chil- 
dren and adults to this complication of stress. It may 
not be a coincidence that all four infants were male for 
it is generally believed that males tolerate stress less 
well. In the case of steroid associated stress ulcer both 
Helman? and Tygstrup? and their associates have re- 
ported evidence that under certain circumstances fe- 
males tolerate steroid therapy better than males. The 
common denominator producing stress in these four 
infants was severe illness. In addition steroids had been 
administered in large doses in two of them. The theory 
that steroids induce stress ulcer has been proposed but 
not proven and is still a matter of on-going contro- 
versy.*! However, there is a striking association of 
high total-dose steroids with peptic ulcer"! and we be- 
lieve that in two of our infants the administration of 
large doses of steroids for as long as one week com- 
pounded the stress already imposed by operation and 
illness to cause this complication. 

In all four infants, the diagnosis of bowel perforation 
was not initially apparent and was first made only after 
radiologic examination. The classic signs of peritonitis 
with generalized tenderness and rigidity were absent as 
these infants were too sick for those signs to be elicited. 
Although it was difficult to say at what point perforation 
took place, diagnosis certainly could have been made 
earlier in all four cases. Prompt closure of the per- 
foration offers the best chance for survival but un- 
fortunately it is also additional stress contributing to 
the complexity of the problem. Therefore this pro- 
cedure must be made as brief as possible. 

Of further interest is the fact that all four ulcers were 
situated in the posterior wall of the duodenum in sharp 
contrast to peptic ulcer disease in which posterior 
ulcers in these infants were punched out with sharp 
edges and with no evidence of chronic inflammatory 
response around them suggesting a recent occurrence. 
The location of the ulcers in the second part of the 
duodenum in two of the infants made them unlikely 
to be of peptic origin. 

The cause of the cardiac complication Occurring on 
the operating table in two of the infants is not very 
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clear but would appear to be related to the debilitation 
of these patients and additional effect of anesthesia 
perhaps leading to myocardial toxicity. In the case of 
the first infant the presence of congenital cardiac dis- 
ease might have been a factor. The second infant, who 
did not have a cardiac complication, was not as sick 
as any of the other three. He had one week to recover 
from his chest operation before perforation occurred. 
None of the two infants who developed this compli- 
cation survived. 

It therefore seems that perforated stress ulcer is often 
a fatal complication when it occurs in a sick infant. 
Its diagnosis may easily be missed without the aid of 
abdominal x-rays. Based on our limited experience 
with these four infants we would like to make the fol- 
lowing recommendations: 


1) All sick infants on steroid therapy should be 
placed on prophylactic antacid, and maybe 
Cimetidine. 

2) Abdominal girth measurement at frequent inter- 
vals should be incorporated into the management 
ofa very sick infant in order to promptly appreciate 
any unexplained increase in girth. 

3) Such increase in abdominal girth must be evalu- 
ated with an upright abdominal x-ray. 

4) Operative closure of the perforation must be 
simple and expedient. 
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Glucagon or Insulin Suppressed Biliary Lipid Excretion 


The possibility that gastrointestinal hormones influence biliary 
lipid secretion was studied further in chronic bile fistula dogs 
and subsequently in a patient with a balloon-occludable t-tube. 
After stabilization of bile flow in the dog by infusing 500 mg/hr 
sodium taurocholate, glucagon and insulin increased bile flow, 
decreased cholesterol output, and had no effect on phospho- 
lipid or bile salt output. Similarly, during reinfusion of bile 
in the human subject, glucagon increased bile flow, decreased 
cholesterol output and had no effect on bile salt output. 
Phospholipid secretion decreased, as had occurred at a lower 
bile salt infusion rate in the chronic bile fistula dog. These 
findings suggest that glucagon or insulin may play a role in 
regulating cholesterol secretion in dog and man, and that 
mechanisms other than simple dilution of micelles are operative. 


ILE FORMATION IS A COMPLEX, poorly understood 
B process occurring at two anatomic sites, the 
canaliculi and the biliary ducts. The biliary lipids, 
bile salts, phospholipid, and cholesterol, are secreted 
by the canaliculi, and the secretion of phospholipid 
and cholesterol is intimately associated with the rate 
of bile salt secretion there.!?!521262529 Most studies 
into the regulation of biliary lipid secretion have 
focused on the relationships betwen bile salts, phos- 
pholipid, and cholesterol secretion emphasizing physi- 
cochemical considerations such as micelle formation 
and the properties of bile salts in solubilizing choles- 
terol. Scant attention has been directed toward other 
factors which may influence control of lipid secretion, 
specifically a possible hormonal role in the regulation 
of cholesterol and phospholipid secretion into bile. 
Because glucagon and insulin recently were demon- 
strated to influence canalicular secretion, we investi- 
gated the possibility that glucagon or insulin altered 
biliary lipid secretion. In the present studies, glucagon 
or insulin effects on biliary lipid secretion were studied 
in the chronic bile fistula dog after stabilization of bile 
flow by 500 mg/hr sodium taurocholate infusion and 
subsequently in a patient with a balloon-occludable 
t-tube draining the common bile duct. 
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Materials and Methods 


Six mongrel dogs weighing 13.5— 17 kg were prepared 
by cholecystectomy, ligation of the lesser pancreatic 
duct, and insertion of modified Thomas cannulas!” 
into the stomach and duodenum. Three weeks after 
surgery, when the animals had fully recovered, experi- 
ments were performed on the healthy, conscious dogs 
as often as three times weekly, but never on successive 
days. Following an 18 hour fast, the gastric and 
duodenal cannulas were opened and a #6F ureteral 
catheter was inserted 5—6 cm into the common bile 
duct and brought out through a cork used to occlude the 
duodenal fistula. Gastric cannulas were open during all 
experiments to prevent acid from entering the duo- 
denum. After cannulation of the common bile duct, 
bile was collected continuously for the duration of 
the experiments, separated into 15 minute samples, 
and immediately placed in an ice bath. Throughout 
each experiment, the dogs received a continuous in- 
travenous infusion at 50 ml/hr delivered by a calibrated 
peristaltic infusion pump (Harvard Apparatus, Dover, 
Mass.) through a polyethylene tube (Intramedic PE 50) 
in aleg vein. Sodium chloride (0.9%) was infused intra- 
venously throughout all experiments. 

After four 15 minute periods, intravenous infusion of 
sodium taurocholate (Maybridge Chemical Co., North 
Cornwall, UK) 500 mg/hr was begun and administered 
for the remainder of the experiment to prevent deple- 
tion of bile salts by the interrupted enterohepatic cir- 
culation. At the end of the twelfth 15 minute period, 
each dog received IV infusions of either 2 ug/kg/hr 
glucagon, 0.5 units/kg/hr insulin, both glucagon and 
insulin, or 0.9% sodium chloride for the final two hours 
of the experiment. At the end of the fourth 15 minute 
period of each experiment, each dog received an in- 
jection of 3 wCi of '*C erythritol (Amersham Searle, 
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Arlington Heights, Illinois) followed by IV infusion of 
3 wCi/hr of '*C erythritol for the remainder of the ex- 
periment. The experiments were randomized and per- 
formed twice on each of four dogs. 

Following completion of these experiments, an ad- 
ditional study was performed. The experiments were 
extended two additional hours after the administration 
of glucagon, so that biliary cholesterol secretion after 
cessation of the hormone could be observed. 

Similar studies were performed on a patient who had 
undergone a cholecystectomy and common bile duct 
exploration two weeks previously. Common duct 
stones were found and removed at that time and a 
balloon-occludable t-tube with a distal lumen for 
reinfusion of bile? was inserted. The patient did 
extremely well following surgery, was tolerating a 
regular diet and had normal liver function tests by the 
seventh postoperative day when the t-tube was 
clamped. He was fasted for ten hours prior to the 
studies which were carried out on four successive 
mornings. Throughout each experiment he received a 
continuous infusion of 0.9% sodium chloride at 60 ml/hr 
in a peripheral vein. The common bile duct was oc- 
cluded and bile collected continuously in 15 minute 
samples. Less than 5% of the bile was saved for analy- 
sis, and the rest was reinfused through the distal lumen 
of the t-tube to preserve an intact enterohepatic cir- 
culation. After four 15 minute periods, the patient re- 
ceived an infusion of either 0.9% sodium chloride or 
glucagon 2, 1, or 2 ug/kg/hr. 

Bile volumes were measured to the nearest 0.1 ml. 
After extraction of lipid by the method of Folch, Lees, 
and Sloan-Stanley,’ bile cholesterol was measured by 
the method of Abell' and bile total phospholipids by a 
modification of the method of Fiske and Subbarow.* 
Cholesterol concentrations of human bile were meas- 
ured both by the Abell method and on a Beckman 
cholesterol analyzer, which produced similar results. 
Recovery of the '*C labelled cholesterol after Folch 
extraction and before the Leiberman-Burchard re- 
action was 101.4%. Standard curves for the lipid 
analyses were linear in the concentration ranges of the 
specimens and all specimens fell within the concen- 
tration range of the standard curves. When dog bile 
was added to standards, the standard curves remained 
linear. When cholesterol was added to dog bile the 
recovery was 96.4%. Bile salt concentrations were 
determined by a steroid dehydrogenase method.?? 
When known amounts of sodium taurocholate were 
added to dog bile and measured with this method, the 
recovery rate was 9896. Blood sugar concentrations 
were measured with an Ames Blood Analyzer. 

To count radioactivity in bile, the procedure of 
Wheeler, Ross, and Bradley?" was used as follows: 
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Five grams of sodium ethylene diaminetetra-acetate 
(EDTA) were added to 100 ml of 1 N sodium hydroxide. 
Two ml of this solution were added to 20 ml of sodium 
hypochlorite (Chlorox). Bile specimens (50 pl) were 
mixed with 50 ul of the above solution and allowed 
to stand at room temperature overnight. Ten ml of 
Aquasol (New England Nuclear Co.) were added prior 
to counting. Fifty microliters of plasma were added 
to 10 ml of Aquasol and allowed to stand at room 
temperature. The '*C activity in bile and blood was 
counted on a Packard Tri-Carb Model 3390 Liquid Scin- 
tillation Spectrometer. The counts per minute of blood 
and bile specimens obtained during the fourth 15 minute 
period of each experiment prior to '*C administration 
were subtracted from the values of subsequent speci- 
mens to obtain corrected values for radioactivity in 
bile and blood. Clearance of the radioactive erythritol 
was calculated as the product of bile flow and the bile: 
plasma ratio of '*C activity. When '4C erythritol was 
added to dog bile and specimens were treated as 
described, the recovery rates were 91.3% when com- 
pared with samples counted in distilled water. 

Statistical comparisons were made both between 
control and experimental periods and between experi- 
mental periods and corresponding periods of the saline 
experiments using a t-test for paired values.?* P values 
less than 0.05 were considered significant. The changes 
biliary lipid in dog studies were demonstrable com- 
paring all periods after 16to periods 1— 12. For purposes 
of clarity, periods 12 and 20 were selected as repre- 
sentative control and experimental periods. 


Results 


Bile Flow ( Fig. 1) 


Glucagon. Bile flow increased significantly during 
glucagon infusion from 2.9 + 0.3 ml/15 minutes in the 
twelfth period to 4.5 + 0.3 ml/I5 minutes in the fif- 
teenth period and remained elevated for the duration of 
the experiments. 

Insulin. Bile flow increased significantly during in- 
sulin infusion from 3.3 + 0.3 ml/I5 minutes in the 
twelfth period to a peak of 5.5 + 0.7 ml/15 minutes 
in the sixteenth period and remained elevated through 
the twentieth period. 

Glucagon plus insulin. During infusion of glucagon 
plus insulin, bile flow increased significantly from 3.3 
+ 0.4 ml/I5 minutes in the twelfth period to 4.6 + 0.4 
ml/15 minutes in the fifteenth period and remained sig- 
nificantly elevated for the duration of the experiments. 

Saline. Bile flows during saline infusion did not 
change and were significantly lower than with the test 
substance after the fifteenth period. 


x- 
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Insulin. Cholesterol concentration during insulin 
infusion decreased significantly from 18.0 + 3.2 mg/dl 
in the twelfth period to 7.8 + 1.5 mg/dl in the twentieth 
period. Cholesterol output decreased significantly 


Cholesterol (Table 1) 


Glucagon. Cholesterol concentration decreased sig- 
nificantly during glucagon infusion from 21.0 + 4.0 


mg/dl in the twelfth period to 3.4 + 1.5 mg/dl in the 
twentieth period. Cholesterol output decreased sig- 
nificantly from 0.49 + .06 mg/15 minutes in the twelfth 
period to 0.17 + .05 mg/15 minutes in the twentieth 
period. 


from 0.56 + .07 mg/15 minutes in the twelfth period 
to 0.33 + .05 mg/15 minutes in the twentieth period. 

Glucagon plus insulin. Cholesterol concentration 
during glucagon plus insulin experiments decreased 
significantly from 16.2 + 2.6 mg/dl in the twelfth 


TABLE 1. Bile Lipids 


I OO 


Saline Glucagon Glucagon Plus Insulin Insulin 
Period 12 Period 20 Period 12 Period 20 Period 12 Period 20 Period 12 Period 20 

S EEE 
Cholesterol 

Concentration 

mg/100 ml 17.0 + 2.9 16.2 + 2.6 21.0 + 4.0 3.4 * 1.997 16.2 £ 2.6 5.5: LET 18.0 + 3.2 7,8 & L5*T 
Cholesterol 

Output 

mg/15 minutes .46 + .05 44 + .07 .49 + .06 17 = 0897 .49 + .07 .23 + .05*T .56 + .07 (33. 05 
Phospholipid 

Concentration 

mg/100 ml 1972 + 374 2143 + 295 2461 + 349 1276 + 104*+ 2329 + 403 1262 + 294*1 3000 + 3787 1851 + 242* 
Phospholipid 

Output 

mg/15 minutes 60.9 + 5.6 51.9 = 5.7 62.1 + 6.2 78.9 + 4.5 69.1 + 7.8 68.1 + 21.0 94.4 + 9.3 90.0 + 18.6 
Bile Salt 

Concentration 

mg/100 ml 5046 + 920 5030 + 791 5088 + 540 2596 + 343*1 4713 + 710 2367 = 172*1 5999 + 1076 2964 + 366*1 
Bile Salt Output 

mg/15 minutes 156.7 + 18.4 136.9 + 19.2 139.7 € 15.3 151.9 + 19.6 130.7 + 8.0 124.5 + 17.6 178.4 + 18.5 136.5 4 13:3 


a E ———— 


Lipid values of dogs before and during infusion of saline, glucagon, 
glucagon plus insulin, and saline. Values represent means + SEM. *denotes 


p < 0.05 compared to Period 12; tdenotes p < 0.05 compared to saline. 
N = 8. 
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TABLE 2. Serum Cholesterol 
Period 12 Period 20 
Saline 168.3 + 14.2 172.8 + 13.2 
Glucagon 160.0 + 14.7 163.6 + 10.9 
Glucagon plus insulin 165.9 + 9.9 165.9 + 12.9 
Insulin 169.2 + 13.9 207.4 + 14.6 





Serum total cholesterol concentrations of dogs during five hour 
experiments. Values are means + SEM. N = 8. 


period to 5.5 + 1.6 mg/dl in the twentieth period. 
Cholesterol output decreased significantly from 0.49 
+ .07 mg/15 minutes in the twelfth period to 0.23 + .05 
mg/15 minutes in the twentieth period. 

Saline. Cholesterol concentration and output during 
saline administration did not change significantly. 
Cholesterol concentration was 16.2 + 2.6 mg/dl in the 
twentieth period of saline administration which was 
significantly greater than in the corresponding period 
of glucagon, insulin, glucagon plus insulin or secretin. 
Cholesterol output was 0.44 + 0.7 mg/l5 minutes in 
the twentieth period of saline which was also signifi- 
cantly greater than with glucagon, or glucagon plus 
insulin, but did not differ from insulin. 


Phospholipid ( Table 1) 


Glucagon. Phospholipid concentration decreased 
significantly during glucagon from 2461 + 349 mg/dl in 
the 12th period to 1276 + 104 mg/dl in the twentieth 
period. Phospholipid output did not change sig- 
nificantly. 

Insulin. Phospholipid concentration decreased sig- 
nificantly during insulin from 3000 + 378 in the twelfth 
period to 1851 + 242 in the twentieth period. Phos- 
pholipid output did not change significantly. 

Glucagon plus insulin. Phospholipid concentration 
decreased significantly from 2329 + 403 mg/dl in the 
twelfth period to 1262 + 294 mg/dl in the twentieth 
period. Phospholipid output did not change. 

Saline. During saline infusion, neither phospholipid 
concentration nor output changed significantly. Phos- 
pholipid concentration was 2143 + 295 mg/dl in the 
twentieth period which was significantly higher than 
with glucagon. 


Bile Salts (Table 1) 


Glucagon. Bile salt concentration decreased sig- 
nificantly during glucagon infusion from 5088 + 540 
mg/dl in the twelfth period to 2596 + 343 mg/dl in the 
twentieth period, while bile salt output did not change. 

Insulin. Bile salt concentration decreased signifi- 
cantly from 5999 + 1076 in the twelfth period to 
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2964 + 366 in the twentieth period. Bile salt output did 
not change significantly. 

Glucagon plus insulin. Bile salt concentration de- 
creased significantly from 4713 + 710 mg/dl in the 
twelfth period to 2367 + 172 mg/dl in the twentieth 
period. Bile salt output during glucagon plus insulin 
infusion did not change. 

Saline. Bile salt concentration was 5030 + 791 mg/dl 
in the twentieth period of saline which was significantly 
greater than with glucagon, insulin or glucagon plus 
insulin. 


Serum Cholesterol ( Table 2) 


Serum total cholesterol concentration did not change 
significantly during infusion of any of the test 
substances. 


Blood Sugar 


Glucagon. During glucagon, blood sugar concen- 
trations increased significantly from 65.5 + 4.0 mg/dl 
in the twelfth period to 126 + 12.4 mg/dl in the 
twentieth period. 

Insulin. During insulin, blood sugar decreased 
significantly from 72.3 + 5.8 mg/dl in the twelfth period 
to 43.5 + 3.0 mg/dl in the twentieth period. 

Glucagon plus insulin. During glucagon plus insulin, 
sugars initially increased significantly from 74.4 + 4.9 
mg/dl in the twelfth period to 95.3 + 11.7 mg/dl in the 
fourteenth period, followed by a significant decrease to 
51.8 * 5.5 mg/dl in the twentieth period. 

Saline. Blood sugars did not change during saline. 


Erythritol Clearance ( Fig. 2) 


Glucagon. Biliary clearance of erythritol increased 
significantly during glucagon infusion from 3.5 + 0.3 
mg/15 minutes in the twelfth period to 6.4 + 0.5 ml/15 
minutes in the twentieth period. 

Insulin. During insulin, erythritol clearance in- 
creased significantly from 3.9 + 0.5 mg/15 minutes in 
the twelfth period to 4.7 + 0.4 ml/15 minutes in the 
twentieth period. 

Glucagon plus insulin. During glucagon plus insulin, 
clearances of erythritol increased significantly from 
3.6 + 0.6 ml/I5 minutes to 5.2 + 0.7 ml/15 minutes. 

Saline. Saline infusion did not change significantly, 
and was 2.7 + 0.2 ml/I5 minutes in the twentieth 
period which was significantly lower than with 
glucagon. 


Seven Hour Glucagon Experiment 


Bile flow increased significantly during glucagon 
infusion from 2.6 + 0.3 ml in the twelfth period 
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FıG. 2. Erythritol clearances dur- 
ing dog five hour experiments. 
Points represent means + SEM. 
* denotes p < 0.05 compared both 
to Period 12 and to corresponding 
periods during saline. N = 8. 


Erythritol Clearance, ml/15 min 
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to a peak of 5.6 + 0.6 ml in the nineteenth period 
(Fig. 3). Bile flow then decreased significantly to near 
preglucagon flows after cessation of the glucagon. Bile 
volume was 2.8 + 0.4 ml/15 minutes in the twentieth 
period of saline administration which was significantly 
less than with glucagon. Cholesterol output during 
glucagon infusion decreased significantly from .60 
+ .04 mg/15 minutes in the twelfth period to .41 + .04 
mg/15 minutes in the twentieth period (Fig. 4). Then 
cholesterol output increased significantly after cessa- 
tion of glucagon to .55 + .04 mg/l5 minutes in the 
twenty-eighth period. Cholesterol output during the 
twentieth period of saline administration was .73 + .06 
mg/15 minutes which was significantly higher than with 
glucagon. 


Human Study 


As with the dogs, bile flow increased markedly within 
45 minutes of glucagon infusion at any of the three 
dosages and remained increased for the duration of the 
experiments, while bile flow during saline did not 
change appreciably (Table 3). Cholesterol concentration 
and output decreased during infusion of glucagon 0.5, 
1, or 2 ug/kg/hr beginning approximately one hour 
after infusion, while during saline cholesterol con- 
centration and output increased slightly (Figs. 5 and 6). 
Similarly, phospholipid concentration and output de- 


12 ló 20 
15 Min. Periods 


creased during glucagon infusion and increased slightly 
during saline (Table 3). Bile salt concentration de- 
creased during infusion of glucagon. However, bile 
salt output did not decrease during glucagon or saline 
(Table 3). 


Discussion 


Intravenous infusion of both glucagon and insulin 
increased bile flow and the biliary clearance of erythritol 
during unchanged bile salt secretion, which supports 
previous observations that glucagon or insulin stimulate 
bile salt independent canalicular secretion.!?!*^ The 
possibility that gastrointestinal hormones could in- 
fluence biliary lipid secretion! warranted further 
investigation. In the present studies, both glucagon 
and insulin significantly suppressed the secretion of 
cholesterol but did not suppress phospholipid or bile 
salt output. The role of bile salts in stimulating the 
biliary secretion of cholesterol and phospholipid has 
been demonstrated clearly in several species. 131821-262829 
Both cholesterol and phospholipid excretion are 
linearly or curvilinearly related to bile salt output over 
a wide range of bile salt secretory rates. Several in- 
vestigators indicated that cholesterol and phospholipid 
secretion occurs at a fixed ratio during various bile 
salt secretory rates, and suggested that excretion of the 
two lipids, cholesterol and lecithin, are in some way 
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coupled.!?:/*75 Other reports indicated some variability solubilizing characteristics in bile salt stimulation of 
in cholesterol and phospholipid ratios during bile salt lipid secretion because synthetic bile salts which do 
stimulated bile secretion.??5?9 Previous studies em- not form micelles do not augment cholesterol se- 
phasized the importance of micelle formation and lipid ^ cretion.??? 
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TABLE 3. Patient Data 


le Ml 


Saline Glucagon 4 ug Glucagon 1 ug Glucagon 2 ug 


Period 4 Period 16 Period 4 
an UO 


Bile flow 


ml/15 min. 9.0 8.6 7.2 12.5 p 14.4 10.5 15.2 


Cholesterol concentration 
mg/100 ml 132 149 138 
Cholesterol output 


mg/15 min. 11.2 12.8 9.9 


Phospholipid concentration 


mg/100 ml 768.7 111.8 991.9 
Phospholipid output 

mg/15 min. 66. 1 87.2 70.4 
Bile salt concentration 

mg/100 ml 2417 2316 1970 
Bile salt output 

mg/15 min. 206.6 195.2 140.8 


Bile flow and lipid values of patient during infusion of saline or 
0.5, 1, or 2 ug/kg/hr glucagon. Period 4 is prior to administration 


thereby reducing the amount of cholesterol and phos- 
pholipid accompanying bile salts into the canaliculi. 
The ratios of cholesterol to phospholipid secretion 
during inhibition by SC 2644 remained constant, 
strengthening Wheeler's dilution hypothesis if one 
assumes that decreased efficiency of micellar solubili- 
zation of lipid affects cholesterol and phospholipid 
similarly. 

Although glucagon and insulin stimulate the bile 
salt independent canalicular fraction, there are features 
in our present data implicating important factors other 
than simple dilution of bile salts to account for glu- 
cagon's alteration of lipid secretion. Glucagon sup- 
pressed cholesterol secretion and did not alter phos- 
pholipid excretion in these experiments. Therefore, 
the ratio of phospholipid to cholesterol during in- 
hibition by glucagon increased significantly. In an 
earlier preliminary study at a lower bile salt excretory 
rate, glucagon suppressed both cholesterol and phos- 
pholipid secretion but the ratios of phospholipid to 
cholesterol also increased during glucagon inhibition 


TABLE 4. Lipid Ratios 
"————————————————— MH 


Glucagon Insulin Saline 


——————————— 


Cholesterol concentration 6.18** 2.31" 1.05 
Cholesterol output 2.88*1 1.70* 1.05 
Phospholipid concentration 1.93* 1,62* 0.92 
Phospholipid output 0.79 1.05 1.05 
Bile salt concentration 1.96* 2.02* 1.00 
Bile salt output 0.92 1.31 1.14 


Se "ÁREA 

The ratio of the value prior to administration of test substance 
to the value during administration of test substance (Period 12/ 
Period 20). Values are means + SEM. *denotes p < 0.05 compared 
to saline. tdenotes p < 0.05 compared to insulin. 


Period 16 Period 4 Period 16 Period 4 Period 16 
52 116 35 96 41 
6.5 8.8 5.0 10.1 6.3 
323.3 954.0 413,7 734.8 327.2 
40.1 78.3 28.2 78.6 46.7 
1214.8 2152 1302 1977 1611 
151.2 163.7 187.9 206.9 244.9 


of test substance. Period 16 is three hours into saline or glucagon 
infusion. 


in these studies.'® In the present studies, the degree 
of cholesterol suppression produced by glucagon was 
significantly greater than with insulin while the degree 
of bile salt dilution provided by each agent was com- 
parable. From the ratios of values prior to adminis- 
tration of test substances to values during administra- 
tion (Table 4), it is evident that the ratios of both 
cholesterol concentration and output were substantially 
greater during glucagon than during insulin administra- 
tion. Over the same time period, changes in bile salt 
concentration, an estimate of the degree of dilution 
by stimulated addition of water, are nearly identical. 
Furthermore, the increase in the ratio of phospholipid 
to cholesterol output (Table 5) was more profound with 
glucagon than with insulin. Because suppression of 
cholesterol secretion was more pronounced with glu- 
cagon than insulin during comparable stimulated bile 
flows, mechanisms other than dilution of micelles must 
be working. 

The source of biliary cholesterol is a topic of current 
investigation.!?!7/922:23 Recent studies suggest that 
significant portions of biliary cholesterol are derived 
from rapidly miscible, newly synthesized, and perhaps 


TABLE 5. Phospholipid Output/Cholesterol Output 
—————— S ARUM AA NN 


Saline Glucagon Insulin 
———————— ÓÉUu——— NK 
12 132.39 126.73 168.57 
20 131.59 464.12** 272,73" 


————————  "————————— 

The ratio of phospholipid output to cholesterol output before 
(Period 12) and during (Period 20) infusion of glucagon or insulin 
compared with saline control studies. Values are means + SEM. 
*denotes p < 0.05 compared to saline. *denotes p < 0.05 compared 
to insulin. 
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other pools'^'? and glucagon could affect one or a 
combination of these pools. It is clear from the present 
data that the changes in biliary cholesterol did not re- 
flect changes in serum total cholesterol. Glucagon 
possibly interferes with the availability of cholesterol 
for delivery into bile. Because there is evidence that 
glucagon inhibits hepatic cholesterol synthesis, that is a 
possible mechanism for such a limitation of cholesterol 
availability. Glucagon stimulates adenyl cyclase in the 
liver resulting in the formation of cyclic adenosine 
monophosphate (AMP).?? Cyclic AMP inhibits beta- 
hydroxy-beta-methyl glutaryl coenzyme A (HMG 
CoA) reductase,” the rate-limiting enzyme in choles- 
terol synthesis. In rats, the administration of glucagon 
suppresses hepatic cholesterol synthesis." However, 
whether changes in hepatic cholesterol synthesis rates 
alter biliary secretion of cholesterol is not known, and 
we have no data to support that contention. 
Alternatively, glucagon could interfere with movement 
of cholesterol from plasma or the hepatocyte to the 
canalicular membrane. Each of these hypothetical 
explanations merits investigation. 

It is apparent that however glucagon affects biliary 
lipid secretion a similar mechanism is operative in man. 
Our patient exhibited the same dramatic changes in bile 
flow and cholesterol output during unchanged bile salt 
secretion as in the dog studies. A decrease in phos- 
pholipid was also seen in earlier dog studies when 
250 mg/hr taurocholate was infused. 

We do not know the portal concentrations of glu- 
cagon in this patient nor whether they were physio- 
logic. However, it is of note that cholesterol sup- 
pression was seen with one quarter the dosage given 
the dogs. The dose of glucagon selected for these dog 
studies, 2 ug/kg/hr, was previously demonstrated 
to be submaximal for bile flow in dogs.!! Previous 
studies show that 0.75-1.73 ug/kg/hr of glucagon 
were the smallest rates of administration considered 
to exhibit a marked physiologic effect on glucose pro- 
duction by the liver and to cause physiologic con- 
centrations of immunoreactive glucagon in the plasma 
of pancreatectomized dogs.*^ Therefore, the rate of 
2 ug/kg/hr administered through a peripheral vein 
may deliver glucagon to the liver in quantities ap- 
proximating doses released into portal blood from the 
pancreas. This point is obviously important to implicate 
glucagon as a physiologic regulator of bile secretion. 
Futher investigation of the role of endogenously re- 
leased glucagon in influencing bile flow and com- 
position, and correlation of portal and peripheral 
blood concentrations of the hormone with stimulation 
of bile flow and inhibition of lipid secretion, is neces- 
sary before suggesting these are physiologic actions 
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of glucagon. Profound stimulation of bile flow and 
inhibition of cholesterol secretion occurred during 
both hyper and hypoglycemia. However, the influence 
of varying blood glucose concentrations on glucagon 
or insulin stimulated choleresis remains to be evaluated 
considering the complex feedback relationships be- 
tween glucose, glucagon, insulin and perhaps other 
hormones. 


Acknowledgments 


The authors appreciate the expert technical assistance of Mr. 
Kenneth Christian, Ms. Clarice Wellman, Mr. Ezra Hayes, and 
Mr. John Waldo and the secretarial assistance of Ms. Mary P. Scott. 
We are also grateful to Drs. Dana K. Andersen and R. M. Bolman of 
the surgical housestaff for their help in the human studies. These 
experiments were supported by NIH Grant AM 16421 from the 
Institute of Arthritis, Metabolism and Digestive Diseases and 
by Veterans Administration funds #4790. 


References 


1. Abell, L. L., Levy, B. B. and Brodie, B. B.: A Simple Method 
for the Estimation of Total Cholesterol. J. Biol. Chem., 195: 
357, 1952. 

. Bell, G. D., Doran, J., Fayadh, M., et al.: Effect of loglycamide 
(Biligram) on Bile Flow and Biliary Lipid Secretion in Man. 
Gut, 19:300, 1978. 

3. Capuzzi, D., Rothman, V. and Margolis, S.: The regulation of 
Lipogenicity by Cyclic Nucleotides in Intact Hepatocytes by 
a Simplified Technique. J. Biol. Chem., 249:1286, 1974. 

4. Cherrington, A. D., Chiasson, J. L., Liljenquist, J. E., et al.: 
The Role of Insulin and Glucagon in the Regulation of Basal 
Glucose Production in the Postabsorptive Dog. J. Clin. 
Invest., 58:1407, 1976. 

5. Cherrington, A. D. and Vranic, M.: Effect of Interaction 
Between Insulin and Glucagon on Glucose Turnover and FFA 
Concentrations in Normal and Depancreatized dogs. Metab- 
olism, 23:729, 1974. 

6. Fiske, L. H. and Subbarow, Y.: The Colorimetric Deter- 
mination of Phosphorus. J. Biol. Chem., 66:375, 1925. 

7. Folch, J., Lees, M. and Sloan-Stanley, J.H.A.: A Simple 
Method for the Isolation and Purification of Total Lipids 
from Animal Tissues. J. Biol. Chem., 226:497, 1957. 

8. Gorman, C. K., Salter, J. M. and Penhos, J. C.: Effect of 
Glucagon on Lipids and Glucose in Normal and Eviscerated 
Rats and on Isolated Perfused Rat Livers. Metabolism, 16: 
1140, 1967. 

9. Hardison, W. G. M. and Apter, J. T.: Micellar Theory of Biliary 
Cholesterol Excretion. Am. J. Physiol., 222:61, 1972. 

10. Jones, R. S.: The Effect of Insulin on Canalicular Bile Formation. 
Am. J. Physiol., 231:40, 1976. 

11. Jones, R. S., Geist, R. E. and Hall, A. D.: The Choleretic 
Effects of Glucagon and Secretin in the Dog. Gastro- 
enterology, 60:64, 1971. 

12. Jones, R. S., Yee, T. K. and Michielsen, C. E.: A Modified 
Cannula for Gastric and Intestinal Fistulae. J. Appl. Physiol., 
30:427, 1971. 

13. Kay, R. E. and Entenman, C.: Stimulation of Taurocholic 
Acid Synthesis and Biliary Excretion of Lipids. Am. J. 
Physiol., 200:855, 1961. 

14. Khedis, A., Dumont, M., Duval, M., et al.: Influence of 
Glucagon on Canalicular Bile Production in the Dog. 
Biol. Med., 21:176, 1974. 

15. Long, T. T., Jakoi, L., Stephens, R., et al.: The Sources of 
Rat Biliary Cholesterol and Bile Acid. J. Lipid Res., 19: 
872, 1978. 


N 


718 


. Meyers, W. C. and Jones, R. S.: Effect of Glucagon and Insulin 


20. 


Ti 


E 


23. 


upon Biliary Lipid Secretion. Am. J. Surg., 137:7, 1979. 


. Mitropoulos, K. A., Myant, N. B., Gibbons, J. F., et al.: 


Cholesterol Precursor Pools for the Synthesis of Cholic and 
Ketodeoxycholic Acid in Rats. J. Biol. Chem. , 249:6052, 1974. 


. Nilsson, S. and Schersten, T.: Importance of Bile Acids for 


Phospholipid Secretion into Human Hepatic Bile. Gastro- 
enterology, 57:525, 1969. 


. Norman, P. T. and Norum, K. R.: Newly Synthesized Hepatic 


Cholesterol as Precursor for Cholesterol and Bile Acids in Rat 
Bile. Scand. J. Gastroenterol., 11:427, 1976. 

Pohl, S. L., Birnbaumer, L. and Rodbell, M.: The Glucagon- 
sensitive Adenyl Cyclase System in Plasma Membranes of 
Rat Liver. I. Properties. J. Biol. Chem., 246:1849, 1971. 

Poupon, R., Poupon, R., Grosdemouge, M. L., et al.: In- 
fluence of Bile Acids upon Biliary Cholesterol and Phos- 
pholipid Secretion in the Dog. Eur. J. Clin. Invest., 6:279, 
1976. 

Schwartz, C. C., Berman, M., Vlahcevic, Z. R., et al.: Multi- 
compartmental Analysis of Cholesterol Metabolism in Man. 
J. Clin. Invest., 61:408, 1978. 

Schwartz, C. C., Vlahcevic, Z. R., Halloran, L. G., et al.: Evi- 
dence for the Existence of Definitive Hepatic Cholesterol 


MEYERS AND JONES 


24. 


25. 


26. 


2. 


Ann. Surg. e December 1979 


Precursor Compartments for Bile Acids and Biliary Cho- 
lesterol in Man. Gastroenterology, 69:1379, 1975. 

Snedecor, G. W. and Cochran, W. G.: Statistical Methods, 6th 
Edition, Ames, Iowa State Univ. Press, 1967. 


Soloway, R. D., Carlson, H. C. and Schoenfield, L. J.: A 
Balloon-occludable T-tube for Cholangiography and Quantita- 
tive Collection and Re-infusion of Bile in Man. J. Lab. Clin. 
Med., 79:500, 1972. 

Swell, L., Entenman, C., Leong, C. E. and Halloway, R. J.: Bile 
Acids and Lipid Metabolism. IV. Influence of Bile Acids on 
Biliary and Liver Organelle Phospholipids and Cholesterol. 
Am. J. Physiol., 215:1390, 1968. 

Talalay, P.: Enzymic analysis of steroid hormones. /n Glick, 
D. (ed.) Methods of Biochemical Analysis, Vol. 8, New 
York, John Wiley and Sons, 1960, p. 119. 


. Wagner, C. I.. Trotman, B. W. and Soloway, R. D.: Kinetic 


Analysis of Biliary Lipid Excretion in Man and Dog. J. Clin. 
Invest., 57:473, 1976. 


. Wheeler, H. O. and King, K. K.: Biliary Excretion of Lecithin 


and Cholesterol in the Dog. J. Clin. Invest., 51:1337, 1972. 


. Wheeler, H. O., Ross, E. D. and Bradley, S. E.: Canalicular 


Bile Production in Dogs. Am J. Physiol., 214:866, 1968. 


Pseudocyst of the Head of the Pancreas 


A series of 14 patients with chronic alcoholic pancreatitis is 
presented which illustrates that cysts originating in the 
superior segment of the head of the pancreas communicate 
with the duct of Santorini which normally drains this area 
of the gland. Cysts in this location do not communicate with 
the major pancreatic duct (Wirsung) in most instances, and 
therefore may be overlooked in the standard retrograde 
drainage procedures employed to relieve pancreatic exocrine 
obstruction. 


SEUDOCYSTS REPRESENT à common complication 
P of acute and chronic pancreatitis and may 
originate in any location within the pancreas. Chronic 
alcohol-induced pancreatitis is particularly predisposed 
to cyst formation. In an earlier report of personal ex- 
perience with this form of pancreatitis 27 of 39 cases 
(7076) were noted to have one or more pseudocysts 
as part of the pathology.' The present report reviews 
a group of 14 patients, each of whom had a pseudocyst 
confined to the superior aspect of the head of the 
pancreas. In every case alcoholism was considered to 
be the primary etiological agent although two patients 
also had gallstones. In 12 cases it was possible to pass 
a cannula into the cyst through the duct of Santorini 
by the transduodenal approach. Drainage of these 
cysts was accomplished by cystoduodenostomy in 
most cases. In many instances this was included as 
part of a more extensive procedure to provide compre- 
hensive decompression of the pancreatic duct system 
(side-to-side or end-to-end pancreaticojejunostomy). 


Materials and Methods 


In each of the 14 patients with cysts located in the 
superior segment of the head of the gland the underly- 
ing cause for the pancreatitis was chronic alcoholism. 
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Relationship to the Duct of Santorini 
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The majority of cysts measured from 3-6 cm in 
diameter and most were firmly attached to the medial 
wall of the proximal duodenum. 

As described in an earlier publication the author has 
approached the problem of alcoholic pancreatitis 
initially by exploration of the extrahepatic biliary tract 
to determine the degree of terminal stenosis in the 
common bile duct, and to exclude the possibility of 
biliary calculi as a contributing factor.! In most cases 
the gallbladder was removed and a T-tube was placed 
in the common bile duct. A transduodenal sphinctero- 
plasty was then performed to eliminate stenosis at the 
outlet of the bile and pancreatic ducts, and to provide 
access to the terminal orifice of the duct of Wirsung 
for retrograde pancreatography. Management of pan- 
creatic exocrine obstruction varied depending upon the 
findings on pancreatography, but usually was ac- 
complished by distal pancreatic resection and splenec- 
tomy, combined with either end-to-end or side-to-side 
pancreaticojejunostomy (Roux-en-Y). The latter method 
of retrograde drainage was more commonly employed, 
extending the full length of the duct of Wirsung to 
assure that all sites of ductal stricture were eradicated. 

Patients with cysts localized to the superior seg- 
ment of the pancreatic head were found to have an 
intense chronic inflammatory reaction which fixed the 
cyst wall to the adjacent proximal duodenum. The 
mucosa in this area was usually edematous, giving 
a cobblestone appearance. The papilla of the duct of 
Santorini could be palpated as a firm projection ap- 
proximately 1 cm in diameter, and 2-3 cm proximal 
to the Papilla of Vater on the medial duodenal wall. 
Careful inspection of the exterior of the duodenum 
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Fic. 1. (A) Typical location of cystic leisons in head of gland. The 
overlying duodenal mucosa becomes indurated and edematous, giv- 
ing a cobblestone appearance. Papilla of the duct of Santorini is 
located centrally in the affected segment of duodenum. (B) Drainage 
of cyst directly into duodenum utilizing cystoduodenostomy. 


at this level usually demonstrated the duct of Santorini 
coursing through the wall and into the substance of 
the adjacent pancreas. After introduction of a fine metal 
probe into the duct of Santorini, a ureteral catheter 
was inserted and the size of the cyst demonstrated 
radiographically, utilizing an injection of a water 
soluble contrast medium. The cysts usually were de- 
compressed directly into the duodenum at the site of 
attachment by passing a curved hemostat through the 
duodenal wall into the cyst to enlarge the opening. 
The bowel wall was then excised to create a 1—1.5 cm 
opening, taking care to avoid the pancreaticoduodenal 
vessels (Fig. 1). Bleeding was controlled with 3-0 silk 
suture ligatures. 

The pathological findings and operative procedures 


in each of the 14 patients are summarized in Table 1.. 


The following case summaries illustrate the pathology 
of these cysts as well as the variable associated find- 
ings in the remainder of the gland. 


Case Reports 


Case 1. A 44-year-old man was operated on for persistent right 
subcostal pain which developed following multiple admissions for 
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recurrent alcoholic pancreatitis. At operation there was a 3 x 4 cm 
mass located in the superior segment of the head of the pancreas. 
The remainder of the gland was firm and nodular, but no other 
masses were palpated. 

The gallbladder was removed and subsequent histology con- 
firmed a moderately severe chronic acalculous cholecystitis. On 
cholangiography the common bile duct was markedly stenotic in 
the lower third and appeared to be displaced by the mass in the 
head of the pancreas (Fig. 2). The duodenum, was opened over 
the Papilla of Vater and a sphincteroplasty was performed, creat- 
ing an opening into the ampulla approximately 2 cm in length. Cut 
edges of the common duct and duodenum were secured with in- 
terrupted 3-0 chromic catgut sutures. The orifice of the duct of 
Wirsung was visualized on the medial wall of the open ampulla. 
A #5 F ureteral catheter was passed retrograde into Wirsung’s duct 
and 3 ml of a water soluble contrast medium were injected. The 
duct of Wirsung was visualized throughout its length and appeared 
normal in caliber and appearance. The medial wall of the duo- 
denum proximal to the Papilla of Vater was involved by a severe 
chronic edema giving a cobblestone appearance to the mucosa. A | 
cm nipple-shaped projection was present in the central part of this 
area of inflammation. We elected to excise this small mass for his- 
tological study; there was an immediate outpouring of clear watery 
fluid. A catheter was passed through the opening and an injection of 
a water soluble contrast medium demonstrated the cystic cavity in 
the adjacent pancreas (Fig. 3). The mass in the pancreatic head was 
noticeably reduced in size. The opening into the duodenum was 
enlarged by excising the overhanging mucosa and muscular wall 
(Fig. 4). Because the duct of Wirsung appeared normal, without 
evidence of obstruction of dilatation, the operation was ter- 
minated after closing the duodenum and placing a T-tube in the 
common duct and multiple penrose drains in the right gutter and sub- 
hepatic space. The recovery was uneventful and the patient was 
free of pain for two years after which he was lost to follow-up. 


Comment 


This patient represented the first experience with a 
cyst localized superiorly in the head of the gland and 
directed our attention to similar lesions in sub- 
sequent cases. 


Case 2. A 43-year-old woman was operated on for persistent 
epigastric and right subcostal and lower dorsal back pain follow- 
ing repeated episodes of acute pancreatitis. 

Abdominal exploration revealed a 4 x 6 cm mass in the superior 
aspect of the head of the gland which was intimately fixed to the 
adjacent duodenum. Extensive chronic induration extended to in- 
volve the hilum of the right kidney. The remainder of the gland 
was nodular and firm, but contained no other palpable masses. 
Cholecystectomy revealed chronic acalculous cholecystitis and a 
cholangiogram showed narrowing of the terminal common bile duct. 
A transduodenal sphincteroplasty was performed and retrograde 
pancreatography revealed dilatation and segmental strictures of 
Wirsung's duct. The papilla of the duct of Santorini could be pal- 
pated 2-3 cm proximal to the Ampulla of Vater on the medial wall 
of the duodenum. A metal probe was passed through the papilla 
and entered the cystic mass in the head of the pancreas (Fig. 5). 
Cystoduodenostomy was performed by enlarging the opening at the 
duodendal papilla. The distal pancreas was mobilized and the 
terminal 4 cm of pancreas and attached spleen were resected. An 
antegrade pancreatogram demonstrated an obstruction of the duct 
of Wirsung in the head of the gland. The duct of Wirsung was 
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opened throughout its length to the duodenal wall, and a side-to- 
side pancreaticojejunostomy was constructed (Roux-en-Y). Re- 
covery was uneventful. 

The patient remained free of pain and had no subsequent attacks 
of pancreatitis over a seven year period, after which she was lost 
to follow-up. It is worthy of note that this patient abstained 
from any form of alcohol consumption postoperatively. 

Case 3. A 37-year-old man was operated on for unrelenting upper 
abdominal and lower dorsal back pain which developed after re- 
peated hospital admissions for acute pancreatitis. 

An upper gastrointestinal series showed spasm and narrowing 
of the duodenum just beyond the pylorus (Fig. 6). 

Abdominal exploration revealed a firm mass measuring 4 x 4 cm 
in the superior aspect of the head and a second 6 x 8 cm mass in 
the tail of the gland. 

The gallbladder was removed and revealed acalculous chronic 
cholecystitis. A cholangiogram showed a normal appearing common 
bile duct. A sphincteroplasty was performed; however, it was not 
possible to identify the orifice of the duct of Wirsung and a retro- 
grade pancreatogram could not be obtained. The papilla of the duct 
of Santorini was identified, cannulated, and the cyst in the head of 
the gland demonstrated with a radiopaque contrast medium (Fig. 7). 
The cyst was drained into the medial duodenal wall. This was 
complicated by rather brisk arterial bleeding when the pan- 
creaticoduodenal artery was transected in the process of en- 
larging the duodenal opening. This was controlled with 3-0 silk 
suture ligatures. 

The cyst located in the distal body and the tail was mobilized 
and resected along with the spleen. An antegrade pancreatogram was 
obtained by cannulating the transected duct of Wirsung, and re- 
vealed a normal sized duct with free flow into the duodenum. Based 
on this finding the transected pancreas was anastomosed end-to-end 
to a Roux-en-Y limb of jejunum. 

The patient recovered from the operation without incident and 
remained asymptomatic until lost from follow-up approximately 
two years later. 

Case 4. A 37-year-old woman was operated on for persistent 
upper abdominal and lower dorsal back pain which developed 
following recurrent bouts of acute pancreatitis. 

An upper gastrointestinal series showed compression and a seg- 
ment of spasm and stenosis in the duodenum just beyond the bulb. 

At operation a 4X4 cm cystic mass was present in the 
superior aspect of the head of the pancreas (Fig. 8). Cholecystec- 
tomy revealed acalculous cholecystitis, and on cholangiography 
the common duct was narrowed in the terminal third. A trans- 
duodenal sphincteroplasty was performed and retrograde pancreato- 
gram revealed that Wirsung's duct filled for only 3 cm in the head 
of the gland (Fig. 9). A probe was passed into the papilla of the duct 
of Santorini, and the duct then cannulated with #5 F ureteral 
catheter. Injection of contrast material revealed filling of the cyst 
in the head of the gland followed by filling of a markedly dilated 
ductal system in the body and tail of the gland (Fig. 10). In this 
case the duct of Santorini served as the major route for exocrine 
drainage. 

The cyst was decompressed into the duodenum by cystoduodenos- 
tomy. The tail of the gland with attached spleen was mobilized and 
resected. The duct in the body was opened longitudinally to in- 
corporate the cyst in the head. The opened cyst and duct were 
anastomosed side-to-side to a Roux-en-Y limb of jejunum. 

The patient recovered from the procedure and remained in 
reasonably good heath except for diabetes mellitus which fre- 
quently required hospitalization for control of diabetic acidosis. Two 
years later an operation was required to relieve an adhesive small 
bowel obstruction. She was lost to follow-up a year thereafter. 
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Case 5. A 52-year-old man was hospitalized for treatment of an 
attack of acute pancreatitis. During the preceding 10 years the 
patient had required multiple admissions for chronic recurrent pan- 
creatitis associated with a 25 year history of alcohol excess. He 
stopped drinking 6 months prior to admission. 

An ultrasound study showed a cystic collection in the head of the 
pancreas. An upper gastrointestinal series revealed spasm in the 
proximal duodenum and multiple calcifications in the adjacent pan- 
creatic head. 

At operation the gallbladder was moderately thickened and con- 
tained multiple small cholesterol stones. The common duct was 
markedly indurated and stenotic in its distal third (Fig. 11). The 
duodenum was involved by an extensive acute and chronic in- 
flammatory reaction. Because of the risk of poor healing we 
elected not to open the duodenum. 

The distal pancreas and spleen were mobilized and resected. An 
antegrade pancreatogram revealed a dilated duct of Wirsung, and 
filling of the cyst in the superior aspect of the head (Fig. 12). The 
terminal portion of the duct of Wirsung did not visualize. 

The duct of Wirsung was opened longitudinally over to the cyst in 
the head of the gland. The terminal portion of the duct of Wirsung 
was identified and opened to permit the passage of a #4 Bake’s 
dilator into the duodenum. The opened duct, including the cyst in 
the head, were incorporated into a side-to-side pancreaticojejunos- 
tomy (Roux-en-Y). The patient has made an uneventful early post- 
Operative recovery. 


Comment 


None of the 14 patients died in the immediate post- 
operative period, however, one death occurred two 
years after operation from a perforated peptic ulcer 
which was complicated by severe acute and chronic 
alcoholism. 

Two patients required reoperation, one after two 
years to relieve an adhesive small bowel obstruction, 
the other after three years to correct a pancreatic duct 
stricture at the site of an end-to-end pancreaticojejunos- 
tomy. The latter patient has done well following side- 
to-side retrograde drainage, except for severe bouts 
of pyoderma gangrenosum involving the skin of the 
forearms and hands. One patient experienced an upper 
gastrointestinal hemorrhage, presumably from a 
cystoduodenostomy, which stopped spontaneously 
after two units of whole blood replacement. 


Discussion 


This series of patients illustrates that cysts located 
in the superior segment of the head of the pancreas de- 
velop in connection with the duct of Santorini which 
serves as the primary route of exocrine drainage for this 
part of the gland. Such cysts may vary considerably in 
size, although 11 of the 14 examples in this series of pa- 
tients were no more than 4 cm in diameter. Only one 
of these cysts appeared to communicate with the major 
pancreatic ductal system (Wirsung); in one patient the 
duct of Santorini served as the primary exocrine drain- 
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Age, Date of 
Initials Sex Operation Etiology Operative Findings Operative Procedure Postoperative Course 
l: PC 44 M 5/10/67 Chronic Chronic pancreatitis; Cholecystectomy, common bile duct Excellent immediate 
alcoholism 3x 4cm mass, exploration; cholangiogram; trans- recovery 
superiorly head of duodenal sphincteroplasty ; retro- lost to follow-up 1969 
gland; severe ste- grade pancreatogram; 
nosis of distal CBD cystoduodenostomy 
2. WM 42M 7/05/67 Chronic Chronic pancreatitis; Cholecystectomy; common duct Early upper GI bleed- 
alcoholism 4 x 4 cm mass, exploration; cholangiogram; trans- ing — stopped 
superiorly in head duodenal sphincteroplasty: retro- spontaneously 
of pancreas; Wir- grade pancreatogram (Wirsung); excellent early 
sung s duct normal cannulation of duct of Santorini; recovery 
size cystoduodenostomy lost to follow-up 1969 
3. RS 45 M 8/27/67 Chronic Chronic pancreatitis; Cholecystectomy; common duct Excellent immediate 
alcoholism stenosis of distal exploration; cholangiogram; trans- recovery 
bile duct; 3 x 4cm duodenal sphincteroplasty retro- died 2 years later — 
mass in superior grade pancreatogram (Wirsung); perforated ulcer 
aspect, head cystoduodenostomy; distal pan- 
createctomy and splenectomy; 
end-to-end pancreaticojejunostomy 
(roux-en- Y) 
4. HE 37 M 10/03/67 Chronic Chronic pancreatitis; Cholecystectomy; common bile duct Excellent immediate 
alcoholism 4 x 4 cm mass, exploration; cholangiogram; trans- recovery 
superiorly in head duodenal sphincteroplasty; cannu- lost to follow-up 1969 
of gland; 6 x 8 cm lation duct of santorini; cysto- 
cyst in tail of gland duodenostomy; distal pancreatec- 
tomy and splenectomy; Antegrade 
pancreatogram; end-to-end 
pancreaticojejunostomy 
(roux-en- Y) 
5. GN 49 M 12/04/67 Chronic Chronic pancreatitis; Cholecystectomy; common duct Excellent early 
alcoholism 3 x 3 cm mass, exploration; Op. cholangiogram; recovery 
superiorly head of transduodenal sphincteroplasty; lost to follow-up 1969 
gland cystoduodenostomy 
6. CR 42 F 3/29/69 Chronic Chronic pancreatitis; — /966 —cholecystectomy; common Excellent early 
alcoholism 4 x 4 cm mass in duct exploration; transduodenal recovery 
superior aspect of sphincterotomy Continued heavy 
head 1969 —transduodenal cannulation of ethanol intake 
duct of santorini; cystoduoden- lost to follow-up 1972 
ostomy 
7. ME 37F 2/17/70 Chronic Chronic pancreatitis; Cholecystectomy; common duct Excellent immediate 
alcoholism 4 x 4cm mass, exploration; cholangiogram; trans- recovery 
superiorly in head duodenal sphincteroplasty; retro- small bowel obstruc- 
of gland; main grade pancreatogram; (Wirsung); tion (1972) 
pancreatic duct cannulation duct of santorini; lost to follow-up 1973 
markedly dilated — cystoduodenostomy; distal pan- 
terminated in cyst createctomy and splenectomy; 
in head (duct of side-to-side pancreaticojejunos- 
santorini) Wir- tomy (roux-en-Y) 
sung’s duct oc- 
cluded in head of 
gland 
8. VH 43 F 7/10/70 Chronic Chronic pancreatitis; Cholecystectomy; common duct No additional attacks 
alcoholism 4 x 6cm mass, exploration; cholangiogram; trans- to 1977 


superiorly in head 
of pancreas; dila- 
tion duct of 
Wirsung 


duodenal sphincteroplasty; retro- 
grade pancreatogram— Wirsung; 
cannulation duct of santorini; 
cystoduodenostomy; distal pan- 
createctomy and splenectomy; 
side-to-side pancreaticojejunos- 
tomy (roux-en-Y) 


lost to follow-up 1977 
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TABLE 1. (Continued) 


a 


Age, Date of 


Initials Sex Operation Etiology Operative Findings Operative Procedure Postoperative Course 
i 
9. WP 42M 7/21/70 Chronic Chronic pancreatitis; Cholecystectomy, common duct Perianal abscess 8th 

alcoholism 6 x 8 cm cyst exploration; cholangiogram; trans- postoperative day 
superior aspect of duodenal sphincterotomy; retro- — drained 
head; dilated duct grade pancreatogram (Wirsung); excellent early re- 
of Wirsung cannulation of duct of santorini; covery to 1973— 
cystoduodenostomy; distal pan- then heavy inter- 
createctomy and splenectomy; mittent ethanol 
side-to-side pancreaticojejunos- intake 
tomy (roux-en-Y) no further attacks of 
pancreatitis to 1977 
10. SU 47M 5/22/13 Chronic 1970 — chronic pan- 1970 —cholecystectomy; common 1970 — Did well 
alcoholism creatitis; 4 x 5 cm duct exploration; T-tube drainage initially —then 
mass in superior recurrent pain 
aspect of head 

1973 — Chronic pan- 1973 —common duct exploration; 1973 —excellent early 
creatitis; 4 x 5 cm transduodenal sphincteroplasty ; recovery 
mass in superior retrograde pancreatogram recurrent pain — 1975 
aspect of head; (Wirsung); cannulation of the duct 
dilation of duct of of santorini; cystoduodenostomy; 

Wirsung in distal distal pancreatectomy and splenec- 
body and tail tomy; end-to-end pancreaticoje- 
junostomy (roux-en-Y) 

1976 — stricture of 1976 — resection of stricture in pan- 1976 —recovery 
pancreatic duct in creatic duct; side-to-side pancreati- good; developed 
head and near cojejunostomy (roux-en-Y); pyoderma gan- 
previous site of choledochoduodenostomy grenosum involving 
pancreaticoje- skin of dorsum of 
junostomy; marked forearms and hands 
dilation of CBD lost to follow-up 1977 

Ih. JB 57M 5/26/78 Chronic Severe pancreatitis; Cholecystectomy; op. cholangio- Uneventful 
alcoholism spontaneous per- gram; transduodenal sphinctero- 
foration of cyst plasty; retrograde pancreatogram; 
into medial du- cannulation of duct of santorini; 
odenal wall; duct distal pancreatectomy; splenec- 
of Wirsung dilated tomy; side-to-side pancreatico- 
with multiple jejunostomy including cyst in head 
strictures of gland 
12. WW 46M 6/27/78 Chronic Chronic cholecystitis Cholecystectomy; common duct Uneventful 
alcoholism, with cholelithiasis; exploration; op. cholangiogram; 
chronic chole- marked stenosis of transduodenal sphincteroplasty; 
cystitis with distal CBD; mass retrograde cannulation of ducts of 
lithiasis in superior aspect Wirsung and santorini; distal pan- 
of head; hard createctomy and splenectomy; 
pancreas through- side-to-side pancreaticojejunos- 
out tomy including cyst in head 
13. MJ 52M 7/11/78 Chronic Chronic cholecys- Cholecystectomy; common duct Uneventful 
alcoholism titis; with chole- exploration; op. cholangiogram; 
and chronic lithiasis; mass in distal pancreatectomy; splenec- 
cholecystitis head of gland — tomy; antegrade pancreatogram; 
with lithiasis 4 x 4 cm; severe side-to-side pancreaticojejunos- 
induration of distal tomy including cyst in head 


common duct and 
duodenum; nodular 
pancreas through- 


out 
14. HT 40 M 12/5/78 Chronic Chronic pancreatitis; Jan. 1978 Pt. had cholecystectomy Uneventful 
alcoholism 2 x 3 cm cyst in cysto-gastrostomy at another hos- 
head of gland— pital; present procedure choledo- 
large cyst in tail chostomy, transduodenal sphinc- 
which involved left teroplasty; cannulation ducts of 
kidney santorini and Wirsung; retrograde 


pancreatograms; distal pancreatec- 
tomy and splenectomy; drainage 
of gerotas fascia surrounding left 
kidney side-to-side pancreatico- 
jejunostomy (roux-en- Y) 


E ——————— 
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FiG. 4. Opening of cyst into medial wall of duodenum. 


age route and the ducts in the body and tail emptied 
directly into a cyst which was cannulated through the 
papilla of the duct of Santorini. Unless the gland is 
carefully palpated for suspicious cystic areas in the 
head, these lesions can be overlooked both on pan- 
FIG. 2. Appearance of distal common duct which is involved by a creatography and when the major pancreatic duct is 


long stenotic segment in region of cyst in head of pancreas. Spasm decompressed utilizing one of several retrograde 
is also present in adjacent duodenal wall. drainage techniques. 








Fic. 5. Duodenum opened and instrument introduced into ampulla 
FiG. 3. Cannula passed into pappilla of the duct of Santorini with of vater through sphincteroplasty. Probe has been passed into the 
injection of contrast medium filling cyst in head of gland. papilla of the duct of Santorini. 
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Fic. 8. Gross appearance of cyst in head of pancreas. Note close 
proximity to medial wall of duodenum. 


the terminal third of the common duct. The cyst may 
actually displace the duct as it transverses this seg- 
ment of the gland enroute to the Ampulla of Vater. 
Cysts in this location also may cause compression 





Fic. 6. Upper gastrointestinal study which shows spasm and 
stenosis in the duodenum just beyond bulb. 





Discussion 





One should be especially suspicious of a small cyst 
in connection with the duct of Santorini when the 
operative cholangiogram reveals marked narrowing in 








Fic. 7. Cys 


t in head of gland filled by injection of contrast medium Fic. 9. Cannula passed into duct of Wirsung through the opened 
into duct of Santorini. sphincter of oddi. Injection failed to pass more than 3 cm into duct. 
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Fic. 10. Cannula in duct of Santorini. Injection of contrast medium 
first filled cyst in head, followed by filling of dilated proximal duct 
system in body and tail of gland. 


and stenosis of the proximal duodenum which is de- 
monstrable on upper gastrointestinal studies. 

All of the patients in this series developed chronic 
pancreatitis as a consequence of extended alcohol 





Fic. 11. Intraoperative cholangiogram showing marked stenosis of 
distal comon duct, a common radiographic finding with cysts in the 
head of the pancreas. 
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Fic. 12. Antegrade pancreatogram showing dilated duct of Wirsung 
in body of gland and filling of cyst in head of gland. This was the 
only cyst which communicated directly with the duct of Wirsung, 
note calculi present in cyst. 


abuse, although one patient also had gallstones. The 
alcoholic form of pancreatitis is characterized by 
chronic acalculous cholecystitis, terminal stenosis of the 
bile and pancreatic ducts, and a gradual development 
of intrapancreatic ductal strictures which converts the 
major duct into a series of obstructed compartments 
frequently containing calculi of varying size. It is not 
surprising that this group manifested these changes to 
varying degrees depending on the stage of the disease 
at the time of operation. To effectively manage these 
patients surgically it is essential to accurately de- 
termine both the extent of ductal abnormality, as 
well as the presence of one or more cysts which may 
occur in conjunction with the exocrine obstruction.” 
The disease and its symptoms will not be controlled if 
a cyst in the head of the gland is decompressed by 
cystoduodenostomy and the duct of Wirsung re- 
mains obstructed at one or more sites. Conversely, 
decompression of the entire duct of Wirsung with 
side-to-side retrograde drainage will not solve the prob- 
lem if a cystic lesion originating from the duct of 
Santorini is left unattended. 

Finally, it is important to emphasize that the ultimate 
results of surgical treatment of chronic alcoholic pan- 
creatitis are heavily dependent on the success achieved 
in controlling the underlying addiction to alcohol. Com- 
prehensive exocrine decompression, as well as various 
resectional procedures employed by others?“ will 
relieve the immediate problem of debilitating pain; how- 
ever, patients who continue to consume large quan- 
tities of ethanol are destined to develop progressive 
pancreatic inflammation with recurrence of pain, de- 
ficiency of intestinal absorption leading to malnutrition, 
diabetes mellitus and ultimately narcotic addiciton. 


Vol. 190 e No. 6 


Our preference for comprehensive ductal decom- 
pression stems from the belief that patients who are 
able to control their alcohol consumption have a better 
chance for complete recovery when the pancreas has 
been retained. Moreover, considerable evidence has ac- 
cumulated to suggest that the patient with uncontrolled 
alcoholism whose pancreas, in large part, has been 
excised surgically presents a far more complicated 
nutritional and metabolic problem as the pancreatic 
disease progresses.’ 

To be effective ductal decompression must be com- 
plete. This series of patients illustrates the importance 
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of eliminating obstruction in the segment of pancreas 
which drains through the duct of Santorini. 
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Experimental Acute Pancreatitis 


The Changes in Pancreatic Oxygen Consumption and the Effect of Dextran 40 


LESLIE A. DONALDSON, F.R.C.S., WORTHINGTON G. SCHENK, JR., M.D. 


A canine model was devised to measure the oxygen consump- 
tion of the pancreas in experimentally induced pancreatitis. 
Over the 120 minute investigation period the oxygen con- 
sumption fell by 63% in the presence of a diminishing pan- 
creatic blood flow and constant arteriovenous percentage sat- 
uration across the pancreas. Dextran 40 has been previously 
shown to maintain the pancreatic circulation. Accordingly a 
second group of dogs was treated with Dextran 40 (1.5 ml/kg) 
60 minutes after induction of the pancreatitis. This pro- 
duced a significant increase in the pancreatic oxygen con- 
sumption and widening of the arteriovenous difference. Dex- 
tran 40 appears to reverse the hypoxia of the pancreas 
noted in acute experimental pancreatitis. 


MS ASPECTS OF THE pathophysiology of acute 
pancreatitis are poorly understood*'? and little is 
known about the oxygen consumption of either the 
diseased or normal pancreas.?* A variety of therapeutic 
agents have been advocated in the treatment of acute 
pancreatitis and include Dextran 40,73! Trasylol, 7?! 
vasopressin,??? and albumin.** However, these drugs 
were assessed purely on their ability to reduce the 
mortality and morbidity of the pancreatitis with little 
attention being paid to their mode of action and ef- 
fects, if any, on the underlying pathophysiology of 
pancreatitis. 

Recent work has investigated the hemodynamic 
changes occurring in acute experimental pancreatitis,’ 
and a prominent feature was the rapid fall in the 
pancreatic arterial blood flow. This was refractory 
to treatment with plasma while low dose Dextran 40 
appeared to significantly diminish the pancreatic 
ischemia.‘ 

Accordingly, this study was undertaken to serially 
measure the oxygen consumption of the pancreas in 
dogs with acute experimental pancreatitis. In view of 
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the beneficial effect noted with the Dextran 40, a sec- 
ond group of animals treated with Dextran 40 was also 
investigated. 


Materials and Methods 


Acute pancreatitis was produced in anesthetized 
dogs by injecting 20 ml of homologous bile under 
pressure into the pancreatic duct.’ The pancreatic 
arterial blood flow was measured with an electro- 
magnetic flow probe around the gastroduodenal 
artery.” This vessel has two end arteries, the right 
gastroepiploic artery and the pancreaticoduodenal 
artery. The former vessel supplies part of the greater 
curvature of the stomach and this vessel was ligated. The 
latter artery is the main vessel supplying the pancreas.” 
Hence, the flow probe situated around the gastro- 
duodenal artery directly measured the pancreatic 
arterial blood flow. The two additional vessels supply- 
ing the pancreas from the splenic artery and duodenal 
mesentery respectively^? were also ligated. 

A cannula was introduced through a left femoral 
arteriotomy into the aorta at the level of the coeliac 
axis. Blood collected from this cannula indicated the 
arterial oxygen tension (Pao,) and the percentage Oxy- 
gen saturation of the blood entering the pancreas. A 
fine cannula was inserted into a vein lying on the sur- 
face of the uncinate process of the pancreas and ad- 
vanced towards the pancreaticoduodenal vein. Blood 
from this second cannula provided the pancreatic ef- 
fluent samples. A 30 minute stabilization period was 
allowed after setting up the dog model. Simultaneous 
venous and arterial blood samples were collected and 
the pancreatic arterial blood flow measured. The 
percentage oxygen saturation and the hemoglobin were 
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measured in both the venous and arterial samples using 
an International Laboratories (Lexington, Massachu- 
setts, U.S.A.) 182 Co-Oximeter and the arterial oxygen 
tension (Pao;) was estimated using an International 
Laboratories (Lexington, Massachusetts, U.S.A.) 213 
Digital pH Blood Gas Analyzer. 

Oxygen consumption was calculated using the 
formula: Pancreatic blood flow x Hemoglobin x Dif- 
ference between the arterial and venous percentage 
saturation X 1.34/100 and expressed as milliliter of 
oxygen consumed per minute by the pancreas. !° 

Prior to induction of the pancreatitis, two blood 
samples were taken at ten minute intervals and they 
represented the control values for the normal pancreas. 
Further blood samples were taken 15, 30, 60, 90 and 120 
minutes after induction of the pancreatitis. 

The dogs were divided into two groups, each of six 
animals. The first group was infused only with 50 ml. 
saline per hour and acted as the ‘‘saline treated” 
group. In the second group, Dextran 40 (1.5 ml/kg) 
was added to the saline infusion starting 60 minutes 
after induction of the pancreatitis and they were the 
"Dextran treated" group. Two additional dogs who 
underwent a laparotomy, but in whom pancreatitis 
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Fic. 1. Changes in arterial PO,, arteriovenous oxygen saturation 
difference and oxygen consumption of pancreas before and after 
induction of acute experimental pancreatitis. 
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Fic. 2. Changes in arteriovenous oxygen saturation difference and 
oxygen consumption of pancreas in acute experimental pancreatitis 
before and after treatment with dextran. 


was not induced had serial estimations of oxygen 
consumption made for two hours (control). 


Results 


The Po, in the arterial blood exceeded 110 mmHg 
in all the dogs throughout the period of the study (Table 
1). The difference between the percentage satura- 
tion in the arterial and venous blood samples (A-V 
difference) prior to induction of pancreatitis in the 
two groups was not significantly different with values 
of 10.8 and 12.396 respectively (Figs. 1 and 2 and 
Table 1). Induction of pancreatitis produced no sig- 
nificant change in the A-V difference in the "saline 
only” dogs. The mean value at 120 minutes was 9.7%. 
In contrast, when the Dextran 40 was infused into the 
group II dogs, the A-V difference increased to 14% 
at 120 minutes which was significantly wider (p < 0.05) 
than the ‘‘saline only” dogs. 

The mean oxygen consumption of the normal pan- 
creas in the two groups was 1.3 ml O,/minute. Induc- 
tion of pancreatitis produced a rapid fall in the Oxygen 
consumption to 0.74 ml O,/minute at 30 minutes in 
the *'saline only” group (p < 0.001). This continued to 
fall to a mean value of 0.48 ml O»/minute at 120 min- 
utes. The oxygen consumption fell by a similar de- 
gree over the first 60 minutes in the group II dogs, at 
which time treatment with Dextran 40 was com- 
menced. This resulted in an increase in the oxygen con- 
sumption over the subsequent 60 minutes from 0.57 
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TABLE 1. Serial Changes in Acute Pancreatitis 


Time (minutes) 0* 15 30 607 90 120 + SD p at 120 min. 
aaam 
PaO, 

control 119 115 110 116 119 114 

group | 115 115 110 112 114 115 

group II 113 114 111 114 112 113 
Oxygen consumption 

ml 0/min control 1.15 t2 n 1.15 1.1 0.98 

group I 1.3 0.74 0.71 0.6 0.5 0.48 + 0.15 

group Il 1.3 0.71 0.61 0.57 0.85 0.76 + 0.17 01 
A-V difference 

control 9 9.2 9.1 8.6 8.1 8.7 

group I 10.8 8.8 9:3 9.3 9.3 9.7+ 4 

group II 23 11.1 11.5 11.6 14.8 14.1 + 3.6 0.95 





* Start of pancreatitis. 
* Start of Dextran 40 (1.5 ml/kg). 


ml O;/minute to 0.76 ml O,/minute (p < 0.05). The 
Pao,, A-V difference and oxygen consumption re- 
mained constant in the two dogs in whom pan- 
creatitis was not induced. 


Discussion 


Little is known about the pathophysiology of acute 
pancreatitis,**^'? and information is scanty and con- 
troversial regarding the oxygen consumption of either 
the normal or diseased pancreas. Frogge and co- 
workers? reported that the oxygen consumption of the 
unstimulated dog pancreas was 0.025 ml O;/minute/g. 
This did not alter when either secretin or pancreozymin 
was given. In this present study the oxygen con- 
sumption of the pancreas during the control period was 
1.3 ml Os/minute. Since the average weight of the pan- 
creas in a 15 kg dog is about 35 g the results in 
these two studies are similar. 

The serial changes occurring in oxygen consumption 
in acute pancreatitis have not been previously re- 
ported. Over the 120 minutes the oxygen consump- 
tion in the saline group fell from a mean of 1.3 ml 
O./minute to 0.48 ml O,/minute. This 63% fall in the 
oxygen consumption was not related to systemic hy- 
poxia since the Pao, remained in excess of 110 mmHg 
throughout this study. 

The pancreatic blood flow has already been shown 
to fall rapidly in experimental pancreatitis^!????? with 
a 45-72% fall*?? in the three hour period after inducing 
the pancreatitis. This was a selective change since over 
the same time period the percentage of the cardiac 
output reduced from 3 to 1.6%.’ 

These findings are in contrast to the increased blood 
flow and increased oxygen consumption noted in other 
inflammatory conditions. Patients with severe sepsis 
often have a raised cardiac output and increased oxy- 
gen consumption,?? and systemically septic dogs have 


an increased oxygen consumption even in the presence 
of a diminished cardiac output.?? In dogs with a septic 
hind limb, the cardiac output was increased by 5096 
and the majority of it was through the septic area.'^ 

The oxygen consumption of an organ may be altered 
by changes in the hemoglobin, pancreatic blood flow 
and the A-V difference. The hemoglobin increased by 
a mean of 1.5 g/dl during the period of investigation, 
while the pancreatic blood flow has already been shown 
to significantly fall in acute pancreatitis. Hence it might 
be expected for the pancreas to extract more oxygen 
from the slower flowing blood in an attempt to main- 
tain a constant tissue oxygen tension. This mechanism, 
reflected by a widening of the A-V difference, has 
been demonstrated in dogs with a critical arterial 
stenosis producing an ischemic limb.!? 

However, the A-V difference remained constant in 
the group I dogs. Arteriovenous shunting is a his- 
tological feature of acute pancreatitis,?*?* and a con- 
stant A-V difference in the presence of progressive 
pancreatic ischemia and hypoxia tends to confirm the 
functional effect of this histological observation. 

Imrie and workers'® have recently reported the high 
incidence of systemic arterial hypoxia in patients with 
acute pancreatitis. This hypoxia remained for up to one 
week and was associated with an increased mortality. 

Day et al. have emphasized the damaging effect 
of hypoxia on dogs given bile induced pancreatitis. 
Both hypoxia and hypercapnia can stimulate the 
sympathetic nervous system with the release of 
epinephrine. This produces further vasoconstriction 
which will potentiate the ischemia within the pan- 
creas. Indeed, stimulation of the sympathetic nervous 
system either centrally or peripherally has been shown 
to enhance the development of a lethal hemorrhagic 
pancreatitis from a mild nonlethal type, while a 
sympathectomy has the reverse effect. '* 

Dextran 40 has been shown to reduce the mortality 
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and morbidity of acute experimental pancreatitis!?! 
and maintain the pancreatic blood flow.™?? It also has a 
beneficial effect in hemagglutination states.?! ^9! 
Dextran 40 also has been demonstrated to reverse or 
prevent experimentally produced intravascular aggre- 
gation with a resultant return in the oxygen consump- 
tion towards normal.?? This latter property may be of 
considerable importance since Murphy et al.?? have 
recently reported that a degree of intravascular coag- 
ulation may be a feature in acute pancreatitis. 

In our study, treatment with Dextran 40 was started 
60 minutes after induction of the pancreatitis in the 
group II dogs. This produced a significant increase in 
the oxygen consumption which was greater at 120 min- 
utes than the group I dogs (p — 0.001). The A-V dif- 
ference also widened with treatment by Dextran 40 
from 11.6 to 14% and this was significantly greater 
than the group I dogs at 120 minutes (p < 0.05). 

The increase in the A-V difference in the presence 
of a maintained but reduced pancreatic blood flow 
suggests that the Dextran 40 was producing a real in- 
crease in the pancreatic microcirculation with in- 
creased oxygen consumption by the now hypoxic pan- 
creas. This work gives further evidence that acute 
pancreatitis may not be a typical inflammatory con- 
dition, but rather a primary vascular lesion. 
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Intraoperative Fine Needle Aspiration Cytology in 


Pancreatic Lesions 


INGEMAR IHSE, M.D., PH.D., BRITT-MARIE TOREGARD, M.D., MANS AKERMAN, M.D. 


The notes of 129 patients investigated by intraoperative fine 
needle aspiration biopsy between 1973 and 1977 have been 
reviewed. Eighty-four of the patients were operated on and 
punctured at the Department of Surgery, Lund, and 45 at dif- 
ferent county hospitals belonging to the region. All aspirates 
were stained and evaluated at the Department of Cytodiagnos- 
tics, Lund. Sixty-four of the 75 patients with pancreatic cancer 
were correctly diagnosed and in another three patients the 
cytological diagnosis was ‘‘suspicion of cancer." Including 
these latter cases the sensitivity of the method was 91% in pan- 
creatic cancer. In four out of five patients with endocrine 
tumors the cytological report was correct i.e., ‘‘endocrine 
tumor.’’ In none of 22 patients with chronic pancreatitis or 
pancreatic cysts the diagnosis was falsely positive. Twenty- 
seven patients who during the operation were suspected of 
having a pancreatic lesion were at follow-up (mean 2.8 years) 
found not to have any significant pancreatic disease. Among 
these patients no falsely positive reports were given. In nine of 
the 129 patients (7%) the aspirates even at re-checking were 
found to be nonrepresentative or the aspiration unsuccessful. 
Six of these were performed at county hospitals. In 24 patients 
with pancreatic cancer total pancreatectomy was performed. In 
the remaining 105 patients no complications which could be 
related to the puncture were detected. 


N SPITE OF the development of a variety of diagnostic 
tools such as angiography, percutaneous trans- 
hepatic cholangiography (PTC), endoscopic retrograde 
cholangiopancreaticography (ERCP), CT scanning 
and ultrasound the diagnosis of pancreatic diseases 
still possesses well-known difficulties. Even at laparot- 
omy the true nature of a palpable pancreatic mass may 
be difficult to determine. Nowadays, it is not justifiable 
to perform radical pancreatic surgery without an exact 
diagnosis. Biopsy of the pancreas, either by the thick 
Vim-Silverman needle or wedge section, is associated 
with a substantial risk of hemorrhage, pancreatitis, 
fistulas and abscess formation.?!* Furthermore, this 
method according to different authors is impaired 
by diagnostic errors varying from five to 57%." 
In recent years aspiration cytology has been used 
especially as a preoperative procedure using percutan- 
eous puncture guided by for instance angiography, 
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PTC? or ultrasound.* The purpose of the present retro- 
spective study was to evaluate our experiences of intra- 
operative fine needle aspiration biopsies for cyto- 
diagnosis in pancreatic lesions. 


Patients 


The notes of 129 patients investigated by intra- 
operative fine needle aspiration biopsy between 1973 
and 1977 have been reviewed. Eighty-four of the pa- 
tients were operated on and punctured at the Uni- 
versity Hospital of Lund and 45 at different hospitals 
belonging to the region. All aspirates were stained and 
evaluated at the Department of Cytodiagnostics, Lund. 

As shown in Table 1 the final diagnoses were pan- 
creatic cancer in 75 patients, endocrine pancreatic 
tumors in five patients, chronic pancreatitis in 18 and 
pancreatic cyst in four. In 51 of the patients with pan- 
creatic cancer histological verification was available 
and in the remaining 24 the diagnosis was clinical with 
clearcut distant metastases observed during the opera- 
tion in 20 and a clinical course consistent with the 
diagnosis in all 24. Fourteen of the 18 cases with 
chronic pancreatitis were verified histologically, while 
in the remaining four the diagnosis was clinically based 
on typical findings at ERCP, pancreatic function test 
and clinical course. Twenty-seven patients who during 
the operation — mostly cholecystectomy, choledocho- 
lithectomy and gastric operations — were suspected of 
having a pancreatic lesion were subsequently found not 
to have any significant pancreatic disease based on 
clinical course until the follow-up after a time period 
averaging 2.8 years (Table 1). 


Technique 


The instrument used for the aspiration biopsy was 
a 10 ml disposable plastic syringe fitted in an adapter 
permitting single handed manipulation. The needle, 
attached to the syringe, had an outer diameter of 
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TABLE 1. Patients Grouped According to Final Diagnoses 


Diagnosis Number of Patients 
Pancreatic cancer 75 
Endocrine pancreatic tumor 5 
Chronic pancreatitis 18 
Pancreatic cyst 4 
No pancreatic disease 27 





0.6—0.8 mm and a length varying from 50 to 120 mm. In 
patients with a palpable mass in the pancreas the mass 
was fixed with the left hand and the puncture performed 
by keeping the instrument in the right hand. In general 
three punctures were performed. When diffuse lesions 
were at hand serial aspirations were made from the 
caput, corpus and cauda. During maximum aspiration 
the needle was moved quickly back and forth in the 
lesion for a few seconds. Usually a volume of aspirate 
not more than that which fills the lumen of the needle 
was adequate. Care was taken that the aspiration was 
discontinued before the needle was withdrawn from the 
parenchyma; otherwise the aspirate was dispersed on 
to the walls of the syringe and difficult to expel. 

The aspirate was applied to one or two glass slides 
and carefully smeared out. The glass slides were im- 
mediately placed in 95% ethanol for fixation during 
two to three minutes. The smears were stained in 
Harris haematoxylin for two minutes, rinsed in water 
for 90 seconds, differentiated in HCl-alcohol and 
rinsed again in water for 90 seconds. Afterwards they 
were stained for 30 seconds in Erythrocin and mounted 
with Eukitt®. The entire staining procedure takes about 
five minutes. Thus a preliminary report was possible 
to give about 10-15 minutes after aspirations per- 
formed at the Department of Surgery in Lund. 


Results 


As shown in Table 2 the cytologist in 65 of the 75 pa- 
tients with pancreatic cancer gave a correct answer. 
In another three patients the cytological diagnosis was 
"suspicion of cancer.” Including these latter patients 
the sensitivity of the method was 91% in pancreatic 
cancer. In seven subjects the cytological report was 
incorrect. Also at rechecking the aspirates from these 
patients were found only to contain benign pancreatic 
or ductal cells (6 patients) or blood (1 patient) indicating 
that the tumors were not hit at aspiration. Five patients 
suffered from endocrine tumors. In four of these the 
cytological report was correct and in one it was falsely 
negative. For specific diagnoses of endocrine tumors 
special staining and histochemistry is necessary. In this 
material two patients suffered from insulinoma, two 
from glucagonoma and one from gastrinoma. 
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TABLE 2. Results of Intraoperative Fine Needle Aspiration Biopsies 
in 102 Patients with Different Pancreatic Diseases 


Endocrine Chronic 
Cytological Pancreatic Pancreatic Pan- Pancreatic 
Report Cancer Tumors creatitis cyst 
Cancer 65 — — — 
Suspicion of 
cancer 3 — — — 
No cancer 3 l 5 3 
Endocrine 
tumors — 4 — — 
Inflammation — — 12 l 
Not repre- 
sentative 3 — l — 
Unsuccessful 
aspiration l — — —- 
75 5 18 4 





In 12 of the 18 patients with chronic pancreatitis the 
cytologist's report was "inflammation," ' in five ‘‘no 
cancer'' and in one "'not representative.” In one of the 
patients with pancreatic cysts the cytological report 
was 'inflammation'' and in the remaining three ‘‘no 
cancer." No falsely positive results were at hand 
(Table 2). 

Among the 27 patients without signs of pancreatic 
disease at follow-up after almost three years the 
cytologist reported '*no cancer” in 20, ‘‘not representa- 
tive" in four and "inflammation" in three. No falsely 
positive reports were given. 

In nine of the 129 patients (7%) the aspirate was not 
representative or the aspiration unsuccessful. As 
shown in Table 3 the results were falsely negative or 
the aspiration unsuccessful in seven out of the 75 
cancers. It is worth noting that six of these were per- 
formed at county hospitals where the surgeons were 
less accustomed to the method and the personnel less 
accustomed to the management of the aspirates. 

In 24 of the 75 patients with pancreatic cancer total 
pancreatectomy was performed. Thus, these patients 
are excluded when judging complications to the aspira- 
tion. However, in none of the 105 remaining patients 
were any complications detected which could be placed 
in association with the fine needle aspirations. 


TABLE 3. Intraoperative Fine Needle Aspiration Biopsies in 75 
. . . . 
Patients with Pancreatic Cancer* 





Suspicion Falsely Unsuccessful 
Investigator Cancer of Cancer Neg. Aspiration 
—— —————— Q'ÁÉGHÉQ——Á——üÉÓÓ (Gal le 


Cytologist 

(Lund) 16 — — — 
Surgeon (Lund) 19 — l — 
Surgeon (county 

hospital) 28 3 3 l 


en ee 
* The results are related to the different type of investigators 
performing the puncture. 
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TABLE 4. Accuracy of Intraoperative Fine Needle Aspiration 
Cytology in Different Series 





False Be- 
Total Pan- Nega- nign 
No. of  creatic Positive tive Le- 
Series Patients Cancer (%) (%) sions 
Christoffersen 
et al.? 28 5 5 (100) —- 23 
Arnesjó et al.? 25 18 16 (89) 2 (22) 7 
Koivuniemi 
et al.! 59 21 20 (95) 1 (2.6) 38 
Forsgren 
et al.® 40 29 28 (97) 1 (8.3) 11 
Akashi et al.! 122 44 42 (95) 2 (2.5) 76 
Kline et al.'? 28 18 16 (89) 2 (17) 10 
Shorey" 21 18 18 (100) — 3 
Present series 129 79 68 (91) 7 (11) 54 
452 228 213 (93) 15 (6) 222 
Discussion 


The present paper reviews five years experience 
with intraoperative fine needle aspiration biopsy for 
cytodiagnosis in pancreatic lesions. The sensitivity of 
the method in patients with pancreatic cancer was 91%. 
In no subject was a falsely positive diagnosis made and 
no complications were found which could be assigned 
to the aspiration biopsy. 

Intraoperative biopsy of the pancreas remains con- 
troversial, with disagreement among surgeons as to the 
value and dangers of different methods of biopsy." 
Biopsy by means of Vim-Silverman needle or wedge 
biopsy has been used for many years. The diagnostic 
accuracy, however, is varying and often rather low." 
This method is furthermore associated with complica- 
tions such as bleeding, pancreatitis, cyst formation and 
fistulas. The fear of complications may lead the surgeon 
to take too superficial biopsies resulting in falsely 
negative reports as pancreatic cancer often is sur- 
rounded by a large area of pancreatitis.? With the fine 
needle the surgeon needs not hesitate to perform 
several deep as well as superficial punctures as the risk 
of complications is negligible. If the surgeon neverthe- 
less wants to use a thick needle this procedure should 
be saved for lesions in the pancreatic head available 
via a transduodenal puncture. For this purpose the 
Tru-Cut needle (Travenol Laboratories Inc.) may be 
used. e 

Few reports on intraoperative fine needle aspiration 
biopsy for cytological interpretation have appeared. All 
have shown a high degree of accuracy (Table 4). This 
is in accordance with the findings of the present study. 
However, we also found that aspirations performed at 
hospitals without cytologists had a higher degree 
of unsuccessful aspirations and nonrepresentative 
aspirates. This means that the method in order to be 
optimal should be routinely used to increase the 
experience of the staff with the puncture technique and 
fixation procedures. 
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Percutaneous (preoperative) fine needle aspiration 
biopsy has for many years been used extensively in 
palpable tumors, e.g. in the breast, lymph nodes, 
salivary glands and prostate. In 1972 Oscarson” et al. 
described selective angiography as a guide to percuta- 
neous fine needle aspiration cytodiagnosis of gastric 
and pancreatic tumors in a small series of patients. 
Since then, several reports have appeared of pancreatic 
biopsy with guidance of PTC, ultrasound and CT 
scanning using essentially the same technique.* ^? The 
results of the present study clearly indicate that fine 
needle aspiration biopsy is of great value also when 
performed during operation. The preoperative as well 
as the intraoperative fine needle aspiration biopsies 
seem to be free from complications. The possibility of 
disseminating cancer cells at the puncture must also be 
taken into account using either technique. Our over- 
all experience of fine needle aspiration biopsies of the 
pancreas together with reports by other authors! ??*?- 
10.1115 suggest that the risk of disseminating cancer cells 
by using this method is minimal. In summary, intra- 
operative fine needle aspiration biopsy of pancreatic 
lesions seems to be a highly reliable method without 
complications and without any risk of falsely positive 
reports. 
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Comparison of Corticosteroids and Prostaglandins in 
Treatment of Hemorrhagic Shock 


GEORGE W. MACHIEDO, M.D., BENJAMIN F. RUSH, JR., M.D., F.A.C.S. 


The hemodynamic and microcirculatory effects of prostaglan- 
din E, and methylprednisolone sodium succinate were com- 
pared in a standard canine shock model. Prostaglandin sig- 
nificantly increased cardiac output and decreased total 


(n zx -peripheral resistance when compared to control animals while 
steroids did not. There was no significant effect upon heart 
. rate or arterial pressure by either drug. Methylprednisolone 


- sodium succinate significantly increased arterial pH at the 
_ conclusion of the experiment and showed directional improve- 


- 1 ment in venous lactate and proteolytic activity. Prostaglandin 
Significantly increased length of survival compared to both 
- -steroid and control infusion. It is concluded that prostaglandin 


. and steroid have different hemodynamic effects in shock, that 

steroid protects microcirculatory flow more efficiently and that 
the prolongation of survival seen with prostaglandin infusion 
is not entirely due to its hemodynamic or lysosomal stabilizing 
effects. 


ORTICOSTEROIDS ARE OFTEN administered as part 
C of the therapeutic regimen for shock of various 
etiologies. The rationale for this is that steroids are 
known to exert a stabilizing effect on the cell mem- 
brane, 1) that they cause an increase in cardiac output 
2) and that they cause peripheral vasodilatation. 
Prostaglandin E, exerts many of the same effects as 
steroids in regard to lysosomal stability," and cardio- 


FE vascular activity.” The purpose of this study was to 


- compare the effect of these two agents in a standard 
shock model. 


Materials and Methods 


Eighteen splenectomized conditioned beagles were 


anesthetized with 30 mg/kg sodium pentothal. Catheters 
were inserted into the right femoral artery for meas- 
urement of arterial pressure, into inferior vena cava 
through the right femoral vein for blood sampling, and 
into the left femoral artery for blood withdrawal and 
return. A cuffed endotracheal tube was inserted and 
attached to a Collins spirometer filled with 100% oxygen. 
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Following a one hour stabilization period, measure- 
ments were made of mean arterial pressure and central 
venous pressure using a standard strain gauge and 
recorder. Oxygen consumption was measured over a 
one-half hour period using the Collins Spirometer, 
arterial and central venous oxygen contents measured 
directly on a Lex-O-Con O, content meter (Lexington 
Instruments, Cambridge, Mass.) at the midpoint of the 
oxygen consumption and a cardiac output calculated 
by the Fick equation. 

Total peripheral resistance was calculated from 
standard formula. Heart rate was taken from the arterial 
pressure recording. Arterial pH was measured on a 
Beckman pH meter and arterial lactate levels measured 
by the technique of Rosenberg and Rush.* Lysosomal 
enzyme activity was measured in venous blood by the 
technique of Anson,! using Cathepsin D as the meas- 
ured enzyme and expressing the results as proteolytic 
activity units. 

Each of these measurements was done twice at 30 
minute intervals during the control period (C). Follow- 
ing the control period, all dogs were subjected to 
hemorrhagic shock by withdrawal of blood from the 
left femoral artery into a siliconized container ele- 
vated above the dog so as to maintain the mean arterial 
pressure at 30 mmHg. Three sets of measurements are 
reported for each dog during the shock (S) period. The 
first was obtained 30 minutes after the animal was 
placed into shock. Measurements were repeated at 30 
minute intervals while the animal remained in shock. 
The second reported shock measurement was taken 
from the 30 minute interval nearest the midpoint of 
the shock period and the third as the last set of meas- 
urements before the animal spontaneously took back 
2576 of the maximal shed blood volume. At that point 
the shock period was terminated, the remainder of the 
shed blood reinfused and the dogs divided into three 
equal groups. Group I received prostaglandin E, 
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Fic. 1. Cardiac output expressed as percentage of pre-shock values. 
Roman numerals indicate groups. 


(PGE), 1 ug/kg/min for one hour; Group Il received 
a bolus injection of methylprednisolone sodium 
succinate (MPSS) 30 mg/kg; Group III received an 
amount of saline equal to the diluent in Group I 
(60 cc). 

A full set of measurements was made 30 and 60 min- 
utes into the treatment period (T). All treatment was 
then stopped and the dogs simply observed for 90 
minutes. Data sets were taken at each 30 minute 
interval during the observation (O) period. Animals 
were then returned to their cages. Length of survival 
was measured in hours for all dogs up to a maximum 
of seven days. 

Data was analyzed by Student's t-test for all param- 
eters except survival rate which was analyzed by a 
chi-square test. 


Results 


Cardiac output was expressed as a percentage of 
control. During shock, cardiac output (Fig. 1) was 
equally reduced in all groups. After one hour treat- 
ment, cardiac output of the animals treated with PGE, 
had returned to control levels (10476) while that of 
the steroid treated dogs approached control (887) and 
that of the untreated animals was still significantly 
reduced (61%). There is no significant difference be- 
tween the cardiac outputs of dogs treated with MPSS 
or PGE, but the latter are significantly higher than that 
of the untreated group (p « 0.05). 

In the observation period, during which no addi- 
tional therapy was given, the same pattern was main- 
tained, with PGE, and steroid treatment resulting in 
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cardiac outputs higher than in the untreated animals, 
but being statistically equal to each other. 

Total peripheral resistance (Fig. 2) was also ex- 
pressed as percentage of control. After an hour of 
treatment, PGE, treated animals exhibited a sig- 
nificantly (p < 0.05) lower peripheral resistance than 
the control but showed no difference when compared 
to animals receiving steroid. In the observation 
period, the same pattern was maintained, with values 
in Group I being significantly lower than that in the 
Group III animals. 

Mean arterial pressure (Fig. 3) was measured 
throughout the experiment and showed no significant 
difference at any time between the groups. Although 
it can be seen from the graph that the arterial pres- 
sure fell at a more precipitous rate after the treatment 
period in the dogs receiving only saline, these dif- 
ferences never became significant. Perhaps if a longer 
term model was used, a significant preservation of 
arterial pressure would be detected at a later time. 

Heart rate (Fig. 4) decreased during shock and in- 
creased toward control levels in the postshock period. 
No significant differences appeared at any time be- 
tween the heart rates of any of the groups. 

Arterial pH (Fig. 5) showed no significant differences 
between groups during the treatment or early ob- 
servation periods. However, during the late observa- 
tion period, in the steroid-treated dogs it had returned 
almost to preshock levels. The prostaglandin treated 
animals had continued to raise their pH following shock 
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Fic. 2. Total peripheral resistance expressed as percentage of pre- 
shock values. Roman numerals indicate groups. 


Vol. 190 e No. 6 
Qi: o GROUP I 
| > ^ GROUP I 
180 & > e GROUP E 
ol | 
140 











CSPSC OC § S $5 T Oo 09 


Fic. 3. Mean arterial pressure. Note more rapid fall of animals in 
Group HI during observation periods. 


but the values were significantly (p « 0.05) lower than 

those of the steroid-treated group, while the animals 

receiving neither drug had actually shown a decline 

in the pH during the observation period and these 

values were also significantly lower than those of dogs 
-receiving MPSS (p < .01). 

Levels of venous proteolytic activity (Fig. 6) re- 
vealed no significant difference between any two 
-groups throughout the experiment. 

"M Again, as with pH, there tends to be a separation 
(toward the end of the observation period, with levels 
steroid-treated animals falling. 
Lactate levels (Fig. 7) paralleled those changes 
: previously noted in pH and proteolytic activity. Dur- 
ing treatment and early observation periods, the 
oups show no significant differences in either ab- 
-solute values or in direction or rate of change. How- 
ever, as with pH and proteolytic activity, at the end of 
D observation there is a consistent, although not statisti- 
— —. cally significant, improvement in the lactate levels of 
those animals treated with steroids. 
J In survival analyses (Table 1) dogs treated with 
PGE, had a mean survival time of 136 hours while 
those treated with MPSS survived 34 hours and the 
untreated dogs were alive an average of 37 hours after 
the experiment. Thus PGE, provided significant 
(p < .05) prolongation of survival following this rather 
severe shock model while MPSS was identical with 
control. 
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Fic. 4. Heart rate. There are no significant differences between 
any groups. 


Discussion 


The use of corticosteroids in the therapy of shock 
has been a widely promulgated but still controversial 
topic for many years. Proponents have noted an 
increase in cardiac output, peripheral vasodilatation, 
stabilization of lysosomal enzyme levels and evidence 
of increased tissue perfusion as demonstrated by re- 
versal of elevated lactic acid levels and subsequent 
normalization of the pH of blood. There have also 
been reports of increased clearance of endotoxemia,’ 
an event known to occur in septic shock and thought 
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Fic. 6. Proteolytic activity. Note the directional improvement in 
the animals treated with steroids during the last observation period. 


by some to also be important in the development of 
hemorrhagic hypotension. 

There are, however, authors who feel that steroids 
either exert no effect on the shock syndrome or even 
exert potential adverse effects. Raflo? and his col- 
leagues showed, in a hemorrhagic shock model, that 
methylprednisolone sodium succinate did not have any 
effect on survival, cardiac output or release of 
lysosomal enzymes. Other groups have expressed 
concern over the possible effects of steroids, even if 
given on a short-term basis, of potentiating infection. 
It would be advantageous, then, to find an agent 
which had similar actions to those of corticosteroids 
in terms of hemodynamic and microvascular effects 
but which did not have the untoward possible side 
effect of potentiating infection. : 

Prostaglandins are a group of acidic lipid compounds 
Which were first isolated by Von Euler in 1937. There 
are several different groups of compounds dif- 
ferentiated by the letters E, A, and F. Prostaglandins 
of the E group, particularly E, (PGE,) are those of 
most interest as therapeutic agents in the shock syn- 
drome. The hemodynamic effects of PGE, are well 
described in the literature.?? The drug tends to in- 
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crease cardiac output and provide vasodilatation, ac- 
tions similar to those described for the corticosteroids. 

In the present study, only those animals treated 
with prostaglandin E, had hemodynamic parameters 
significantly better than with the use of saline. Al- 
though no measurements of cardiac contractility were 
made, it is believed by other authors? that the increase 
in cardiac output caused by administration of PGE, isa 
direct effect on the heart and not a reflex phenomenon. 

It has also been shown‘ that the peripheral vasodila- 
tation noted with PGE, is the result of a direct action 
of the drug on the vascular smooth muscle and is not 
mediated through catecholamines as other vasoactive 
agents. This is believed to be a result of the eleva- 
tion of cyclic AMP levels in the smooth muscle cell 
and is not blocked by any known alpha adrenergic, 
beta adrenergic ganglionic or histaminergic blocking 
agents. 

Evaluation of the data reflecting microvascular flow, 
tissue oxygenation and/or lysosomal stability, namely 
pH, lactic acid and lysosomal enzyme levels is some- 
what more difficult. Statistically, the only difference 
observed was a higher final pH in the dogs treated 
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Fic. 7. Lactate levels. Note the sharp drop in the steroid treated 
animals during the last observation period while the other two 
groups are beginning to rise again. 
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with steroid. However, it must be noted that there was 
a consistent directional change toward the end of the 
experiment in all three parameters. Lactate and pro- 
. teolytic enzyme activity dropped sharply in those 
. animals receiving MPSS when compared to either the 
— prostaglandin treated or control animals. Although not 
- statistically significant in themselves, the parallel 
change in the independent variables suggests an 
improvement in microvascular flow and tissue 
oxygenation. 

Perhaps the most important data in this experi- 
ment are those relating to length of survival follow- 
ing shock. In a complex phenomenon such as shock, 
—-—. It is a successful final outcome and not changes in 
- 7 the individual component parts which is the goal of the 
treating physician. Since changes in hemodynamic 
. parameters were parallel in Group I and H but the 
-final outcome was so strikingly different, it must be 
-concluded that it is not only the hemodynamic ef- 
-fects of PGE, which make it effective in the treat- 
-. ment of hemorrhagic shock, but rather some other 
property not shared by steroids. 

The effects of summating the action of the steroids 
and prostaglandin in canine hemorrhagic shock have 
been studied by Slotman et al.? who demonstrated a 
lower survival rate, and decreased cardiac output when 
the two drugs were given simultaneously. They pos- 
tulated that the combined vasodilatation overcame any 
positive effects of either drug. 

Although purely speculative at this time, the effects 
of PGE, on decreasing platelet aggregation and pre- 
serving stores of high energy phosphate compounds 

m during shock could assume predominance over positive 
E inotropic and peripheral vasodilatation as desirable ef- 
; fects oF drugs used to treat shock syndrome. 



















Conclusions 


^. Prostaglandin E, significantly increases the cardiac 
output and decreases the peripheral resistance follow- 
ing induction of hemorrhagic shock. Methylpredniso- 
"lone is slightly more effective in preserving arterial 
pH level and shows improving directional differences 
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TABLE 1. Survival Data 


Per Cent Time of Survival 
Number Survival (hrs) 
Group I 5 80 135* 
Group H 6 16.6 34.5 
Group HI 6 16.6 38 


* p < 0.05 compared both to group II and to group HI. 


in proteolytic activity and lactic acid levels. Prostaglan- 
din E, shows significantly longer survival times fol- 
lowing hemorrhagic shock when compared either to 
MPSS or control. There is no prolongation or survival 
in MPSS-treated animals when compared to control. 
The complete mechanism of action of PGE, in shock 
awaits further clarification. 
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The Use of Arm Veins in Femoral—Popliteal Bypass Grafts 


DAVID R. CAMPBELL, M.D., CARL S. HOAR, JR., M.D., GARY W. GIBBONS, M.D. 


In view of the increasing debate as to the best alternative to 
saphenous vein for femeral popliteal bypass grafts, we present 
our experience with the use of arm vein grafts. Though there 
are many anecdotal reports, only one series has been previously 
published. Arm veins were used when saphenous vein was 
unavailable in 18 femoral popliteal or femoral tibial bypass 
grafts. Eighty-three per cent of the patients were diabetic. 
Ninety-four per cent of the patients were operated on for limb 
salvage, and in 67% the arteriograms showed only fair to poor 
run-off. Despite this, the one year patency rate was 82%, which 
is significantly better than the sixty-nine per cent one year 
patency rate reported by the senior author in an earlier series 
using cloth grafts. In view of these good results, we believe 
that autogenous vein remains the material of choice in femoral 
popliteal bypass grafts. We do not feel that expanded poly- 
tetrafluoroethylene grafts or umbilical vein grafts have yet been 
shown to be superior. We emphasize also the special techniques 
that are required when using arm veins. 


N THE MANAGEMENT of patients with disabling 
I claudication, rest pain, or gangrene, it is now 
accepted that saphenous vein bypass grafting is the 
procedure of choice for arterial reconstruction. A 
problem that has attracted a lot of attention recently 
is what to use in those patients who, for one reason or 
another, do not have a suitable saphenous vein avail- 
able. Various alternatives have been tried and we re- 
ported in 1973 our experience using cloth femoral pop- 
liteal bypass grafts in diabetics? and the accumulated 
five year patency rate was 59%. Since then, a number of 
reports have appeared in the literature, in which ex- 
panded polytetrafluoroethylene?^? or umbilical vein’ 
have been used as substitutes for saphenous vein. Some 
of these have been extremely favorable; others less 
so, and all authors appear to agree that it is too early to 
say whether either of these will prove to be better than 
autogenous vein. We feel strongly that autogenous vein 
remains the best possible material at this time and, in 
situations where saphenous vein is not available, prefer 
to use arm vein. Only one series using arm veins has 
been reported to date, though there are many anecdotal 
reports, and we, therefore, felt it was important to re- 
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port our experience and some of the technical problems 
we have encountered. Our series consists of a largely 
diabetic population operated on for limb salvage and 
the good results are therefore all the more significant, 
as diabetics in general have worse run-off than non- 
diabetic patients.” 


Materials and Methods 


In this series 18 operations were performed on 16 
patients, 14 of whom were diabetic. There were five 
males and 11 females, and both the nondiabetics were 
female. The mean age was 62.3 years, (56.8 years for 
the male diabetics and 67 years for the female diabetics). 
All except two of the diabetics had maturity onset 
diabetes. Seven patients had previous bypass surgery 
for peripheral vascular disease and in four of these this 
was on the side later repaired with an arm vein. Of the 
18 operations, one was for disabling claudication and 
this was a nondiabetic; six were operated on for rest 
pain, and 11 had severe ischemia with gangrenous toes 
or necrotic, nonhealing ulcers. Of eighteen limbs 
studied angiographically, five had two or three vessels 
patent below the trifurcation and were judged to have 
good run-off; eight had fair run-off with one vessel 
open, and five had poor run-off with no major vessels 
apparently patent below the popliteal. 

In general, we have preferred not to use saphenous 
veins less than 4 mm in diameter, as these have been 
associated with increased graft failure. If the saphenous 
vein is deemed inadequate by reason of size or inade- 
quate length, then we turn to the arm vein, preferring 
to leave the other leg alone, as it may be needed for 
a later procedure. In patients with previous saphenous 
vein ligation and stripping, or who have had the vein 
used in prior surgery, attention is immediately directed 
to the arm vein. 

In our series, eight patients had saphenous veins that 
were in part too small, and so composite saphenous- 
arm vein grafts were used. In four the saphenous vein 
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had been used for previous grafting; in three the vein 

had been stripped, and in one the vein had multiple 

varicosities rendering part of the vein unsuitable. In 
.. .this series, there were 16 femoral- popliteal grafts and 
— two femoral- posterior tibial grafts. 





Preparation 


A thorough history is taken to include previous 
operations where the saphenous vein may have been 
removed for any possible reason. A previous history 
of an inadequate vein on the opposite leg is not neces- 
sarily indicative of an inadequate vein on the present 

= side. Physical examination should include a thorough 
. inspection of the leg for surgical incisions indicating 
. removal of the saphenous vein. One patient reported a 
= previous varicose vein operation and had lower leg 
incisional scars, but the absence of a thigh scar 
< -prompted exploration of the saphenous vein which was 
|" indeed present and usable. Palpation and percussion of 
the saphenous vein along its course has been useful 
| in some patients. 

If it is suspected that an arm vein may be needed, 
careful examination is made of the arm for the best 
vein and any previous incisions over the arm are noted. 
The arm is spared of any further invasive testing, in- 
cluding venipuncture and intravenous placement. 
Venography is not necessary prior to surgery. 

At the operating table the arm is prepped in a similar 
fashion as the leg and draped in a manner to allow free 
movement of the arm. Two methods of vein harvesting 
have been used. The usual method is to choose the 

largest most distal vein on the wrist and dissect prox- 
c. imally, following the largest diameter vein. This usually 
results in the cephalic vein being taken, though oc- 
^. easionally the basilic is found to be more suitable. An- 
|... Other technique is to make a longitudinal incision over 
< the cephalic vein or over its anatomical position at the 
-elbow and to carry this incision proximally and distally, 
-if the vein appears adequate. Thus far we have not 
-failed to find an adequate graft in that arm. 

The arm veins are thinner-walled than the saphenous 
vein and one must be very meticulous and delicate in 
their dissection. For this reason, a continuous incision, 
rather than multiple interrupted incisions, is made along 
the course of the vein, carefully isolating individual 
tributaries under direct vision. The individual branches 
are ligated with 4-0 silk. The ligatures should be placed 
approximately 3-4 mm from the main vein to prevent 
constriction (dumbbelling) of the main segment (Fig. 1). 
because the vein will distend considerably with arterial 
pressures. Larger tributaries are also suture-iigated to 
prevent a blow-out, which has occurred with ligation 
only. Once the vein is harvested, it is reversed and 
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741 





at 
Be Ri SE TO Re ry 
Dx 


M dub EE pe * DE 

fe - tae. DB 4j ss, 

"AE ES arant LT 
bam E c Cu LU 


AFTER INSERTION 





BEFORE INSERTION 


IMPROPER 





AFTER INSERTION 
(DUMBBELLING) 


BEFORE INSERTION 


Fic. I. Proper and improper placement of ligatures. 


gently distended with heparinized Ringer's solution to 
detect leaks, dumbbelling, or stenotic segments. The 
latter have been found in two instances. The stenotic 
segments can occur anywhere along the course of the 
vein and do not necessarily appear to be related to veni- 
puncture. They require excision and oblique end-to- 
end anastomosis. 

The vein is sewn in place with 6-0 monofilament 
sutures using the same technique as described for 
saphenous vein bypass. Again meticulous handling of 
the arm vein cannot be over-emphasized, since it is 
such a thin-walled vessel and in all probability is the 
last source of a vein graft. For this reason, itis strongly 
recommended that magnifying glasses be used when 
constructing the anastomosis. Great care is required 
when placing the vein in the femoral tunnel to ensure 
that it is not twisted, as this will cause obstruction. 
Similarly, excessive redundancy of the vein may lead 
to obstruction by kinking. When required, composite 
vein anastomoses are done between the saphenous 
segment and the arm vein in a long oblique fashion over 
a stent. 


Results 


“In determining the results, a graft was assessed as 
being patent if the patient became and remained 
asymptomatic, if distal graft pulse was palpable, or if 
distal pulses reappeared. 

Of 18 operations there was one early postoperative 
death due to myocardial infarction. There were three 
graft closures, all early, necessitating major amputa- 
tion. All of these patients were operated on for limb 
salvage and all had poor run-off on their angiograms. 
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TABLE 1. Results of Bypass Grafts 








Estimated State 
Patient Date Length of of Months 
Number of Op. Arm Vein Graft of F/U 

i 12/75 30 cm C Patent 41 
2 . 1/76 60 cm A Patent 40 
3 1/76 30cm C Patent 40 
4 1/76 35 em C Patent 40 
5 1/76 40 cem C Patent 39 
6 2/76 30 cm C Patent 38 
T 3/76 40 cm A Patent 38 
8 3/76 40 cm A Failed — 
9 4/76 30cm C Patent 37 
10 4/76 20cm C Patent 37 
11 4/76 30cm C Patent 36 
12 5/76 40 cm A Patent 36 
13 5/76 35 cm C Patent 34 
14 7/76 40cmA Patent 34 
15 8/76 20cm C Died — 
16 8/76 60 cm A Failed — 
17 11/76 48 cm A Failed = 
18 377 45 cm A Patent 26 
19 4/78 40 cm A Patent 13 
20 4/78 18 cm C Patent 13 
21 S/78 40 cm A Patent 12 
22 5/78 l6cm C Patent I2 
23 5/78 40 cm A Patent 12 
24 6/78 30cm A Patent il 
25 8/78 60 cm A Died — 
26 8/78 40 cm A Patent 9 
27 9/78 30cm C Patent 8 
28 11/78 40 cm A Patent 6 
29 12/78 40 cm A Patent 5 
30 2/79 60 cm A Patent 3 
31 3/79 40 cm A Patent 2 
32 5/79 40 cm A Patent l 
40 cm À Failed — 


= arm vein alone. C = arm vein and saphenous vein composite 
graft. 


Two of these had below-knee amputations on the other 
side and were nearly 80 years of age at the time of sur- 
gery, and this played a part in the initial decision to 
attempt to save the limb. Two of these grafts closed 
within the first week postoperatively. One of these 
patients was a nondiabetic. The third closure occurred 
six months after surgery following a severe episode of 
congestive heart failure from which the patient sub- 
sequently died. 

One patient required a TMA and one a toe amputa- 
tion, although in each case the limb was salvaged. 
Though our policy was to take the best arm vein avail- 
able, the cephalic vein was used on 13 occasions and the 
basilic on four. Of the three failures, one was with the 
cephalic vein, one with the basilic vein, and one a com- 
posite saphenous and cephalic graft. 

Thus, excluding the early postoperative death due to 
myocardial infarction, there was a patency rate of 
82.4% at one year for all patients and 85.8% for the 
diabetics alone. These patients have now been followed 
from 26-40 months with no further failures. Other 
than the one postoperative death, there were no major 
complications noted, though one patient developed 
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keloid in the arm incision. During the last 13 months 
another 15 arm vein bypass procedures have been done 
with one postoperative death and one early failure 
(Table 1). 


Discussion 


Because of the excellent results we have obtained 
using arm veins, we now use them in preference to cloth 
grafts in almost all situations where saphenous vein is 
not available. Our results with the arm vein are virtually 
identical to our results with saphenous vein bypass 
grafts. In the past it has been reported that cloth grafts 
are more likely to close if used to cross a joint, oras a 
short segment jump graft, or for a smaller artery graft in 
the lower leg. We have found that arm veins could be 
used satisfactorily in all these situations. Our only 
indication now for using a cloth graft is where there is 
insufficient length of arm vein available, though this has 
not been a problem in our experience, or where the 
length of time of the operation is a significant factor. 

We feel that careful handling of the vein and metic- 
ulous suture technique is essential if good results are to 


be obtained and therefore stress the importance of 


using a magnifying system. We are currently using 244 
power lenses. Though this series is small, we feel these 
results are highly significant. This may be appreciated 
when one considers the percentage (66.6%) of patients 
with fair-to-poor run-off, the percentage (94.4%) 
operated on for limb salvage, and the incidence of 
diabetes mellitus (83.396). In a series from this hospital 
reported in 1973 of 29 diabetic patients operated on by 
the same surgeon as in this series, in whom cloth grafts 
were used, the patency rate at one year was only 69% 
and in this group nearly a third were bypassed for 
claudication alone. - 

Thus, from our experience and that of Clayson, et 
al.,' we conclude that when autogenous saphenous vein 
is not available, the use of arm veins is preferred to 
cloth for bypass grafting. 


References 


1. Clayson, K. R. and Dale, W. A.: Arm Veins for Peripheral 
Arterial Reconstruction. Arch. Surg., 111:1276, 1976. 

2. Harmon, S. W. and Hoar, C. S.: Cloth Femoral Popliteal 
Bypass Grafts in Twenty-Nine Diabetic Patients. Arch. 
Surg., 106:282, 1973. 

3. Hastings, O. M. and Krishna, M. S.: A Prospective Randomized 
Study of Three Expanded Polytetrafluoroethylene (PTFE) 
Grafts as Small Arterial Substitutes. Am. Surg., 188:743, 1978. 

4. Lee, B. T., Trainar, F. S., Kauner, D., et al.: Evaluation of 
Modified Human Umbilical Vein as an Arterial Substitute in 
Femoropopliteal Reconstructive Surgical Procedures. Surg. 
Gynecol. Obstet., 147:721, 1978. 

5. Veith, F. S., Moss, C. M., Fell, S. C., et al.: Comparison of 
Expanded Polytetrafiuoroethylene and Autologous Saphenous 
Vein Grafts in High Risk Arterial Reconstruction for Limb 
Salvage. Surg. Gynecol. Obstet., 147:749, 1978. 

6. Wheelock, F. C. and Filtzer, H. S.: Femoral Grafts in Diabetics. 
Arch. Surg., 99:776, 1979. 





IF YOUR FIBERSCOPE 
EVER NEEDS 
SERVICE, YOU'LL BE GLAD 
IT’S AN OLYMPUS. 


That's because of Olympus’ nationwide network of service 
centers. They're not just local offices that forward a fiberscope 
that needs service to a central plant. Each regional service 
center is fully equipped to perform major and minor repairs and 
maintenance on all our fiberscopes and accessories. Which 
means that if your scope has to come in for service, you have 
less time to wait for it to come back—or, in an emergency, less 
time to wait for a loan instrument. It's a service organization that 
no other fiberscope manufacturer can even come close to—in 
size or efficiency. po: TSE VY 
Unretouched photo # =y Ert The only nationwide 

taken through an i Avie, . NM network of fully 
Olympus fiberscope ff E. X aw ee equipped fiberscope 
Qc kae PAX service centers: 
al Baltimore, 
Chicago, 
Houston, 
Jacksonville, 
Los Angeles, 
New York. 








| 


E 





























SUPERIORITY YOU CAN SEE. 


Olympus Corporation of America, Medical Instrument Division, 
A Nevada Drive, New Hyde Park, New York 11042, (516) 488-3880 


aie ee ESETT E AS 12/79 7 


X Send me further information on the following / 
\ Olympus fiberscopes: i 
yE Have your representative call me to arrange an appointment. / 

| \ Name / 
| iN N Position 


\ Institution 
v 














30A 





PRESERVE and PROTECT 
YOUR COPIES OF 
ANNALS of SURGERY GA ua 





Now, your journals can become a hand- 
some addition to your professional library. 


These file boxes are designed and cus- 
wom-made to keep your copies orderly, 
»eadily accessible and clean. 














orat a € ud i = 
Durable book-binder’s board covered wae cA | DN 
vith scuff-resistant, washable Leathertex. ped rn. | e 
ettering embossed in 23-Karat gold leaf. pt n iu DNO 
Se MI QUIE, DIN Se GI) QUE S. ONUS RIA AND QUE GR UNDE RES QU EN em oom nin i Well-nourished patients generally withstand the stress of 
: i uncomplicated surgery and return to full activity following 
Jesse Jones Box Corp. (since 1843) | a relatively short, predictable convalescence. 
Jep't. JBLA—Phila., Pa. 19141 Not all patients are so fortunate, however some confront 
Gentlemen: Kindly send me: l surgery debilitated by malnutrition. Others undergo sur- 
teasonably priced, too. Only $4.95 ea. O gery with only marginal reserves of body cell mass. These 
! for $14.00 0 6 for $24.00 O | are patients at nutritional risk—patients for whom pro- 
; nounced weight loss, impaired wound-healing, sup- 
dd $1.00 postage per file for orders outside the U.S. | "pressed immunocompetence, and increased susceptibility 
] Check enclosed (Make check payable to: | to infection are imminent possibilities in the postoperative 
Jesse Jones Box Corp., Box 5120, Phila., Pa. period. 
19141) 
| How many patients are affected? Recent studies have 
ame KCN concluded that as many as 5096 of a given surgical popu- 
ldenss | lation and 44% of a general medical population may be 
um KC 1 —————» ———————— . > bes : À " 
B [| esed by prot ctire mainuiion. 2 Certainty the 
uet Pe gbaranteed or your money back Sonay | documented 
SS Sr cS UND ees NDS det UIN nD Sco sus tu. -J When your assessment of a patient's nutritional status 


indicates that depleted nutritional reserves must be 
replenished prior to surgery or that additional protein and 
energy are required postoperatively, consider... 


Oey 








ENSURE® Liquid Nutrition complete, balanced nutrition p----------------------------2------ 


1 Cal/ml) for most surgical patients ROSS LABORATORIES 
COLUMBUS, OHIO 4321E 


ROSS E Division of Abbott Laboratories, us, 


ENSURE* PLUS High Calorie Liquid Nutrition more nutri- 
tion (1.5 Cal/ml) in less volume to help meet the nutritional 
demands of severe stress and trauma 


ENSURE* OSMOLITE*Isotonic Liquid Nutrition 








Please provide more information on how Ensure 









| | ud n | Ensure* Plus, Osmolite* and Vital* might improve 
t 7 k i ; e $ ^ 
the first ready ee SOLO NIE liquid feeding (1 Cal/ml for the nutritional status of my patients. 
patients particularly sensitive to hyperosmolar feedings . 
VITAL* Nutritionally Complete Hydrolyzed Diet a new 





Name 





dimension in enteral feeding (1 Cal/ 
Impaired gastrointestinal function 


ml) for patients with 





Hospital Affiliation 








Address 











p m EESTI IN IN ee ee ee ee alc mt jum, is aS IUE HC AUN NN Min cd. ai: tua ee 





v 

i 

5 
: 





*x [ST - VASCULAR LABDRATORY DATA ANALYSIS eer 
wk ARTERIAL - ANALYS] See 


4 0E eoe 6l 

S. PHYSICIAN. ....... DR. WORTH 
6. LOCATION... cesses. B453 

A pue M 7-06-79 


+ DATA ENTRY - ARTERIAL STUDY + 


PULSES: [G-RESENT IJE 2 OR SORAAL AULI 

RIGHT 
8. FEMORAL e 
3, POPLITERL e 
18, ANTERIOR TIBIAL [0P] e 
li. POSTERIOR TIBIAL [PT] e 

12. FPMORRL BRUIS: [Y-PRESENT H-MOME Y 

PEDAL DOPPLER SIGHALS 
[G-RESENT 1-REDUCED 2-FULLI 

13, ANTERIOR TIBIAL [0P] e e 
14, POSTERIOR TIBIAL [PTI e e 

15. BLOOD PRESSURE: RIGHT ARM 148/28 

16. BLOOD PRESSURE: LEFT ARH 148/08 

17, DIABETIC? [YES HNO] Y 


SEGHENTAL LIMB PRESSURE AND 
PYR ANPLITUDE AT REST: mi 
18, THIGH 116 
19, CALF i 
28. ANKLE i 


el. WITH EXERCISE? [YVES 1801. Y 
EXERCISE EVALUATION: — 2e. MAX. WALKING TIME CAIN] 3 


Ea naa e: a aA 


23, SPEED [MPH] 1.5 
24, % GRADE là 
EXERCISE SYWPTOMS: [FAHRE i-HILD 2=SEVERE] 
RIGHT LEFT 
25. BUTTOCKS 6 8 
e5. THIGH e Ẹ 
S. CAF 6 é 
æ. FOOT 8 8 


EXERCISE SYMPTOMS: [PHONE  12MILD 2-SEVERE] 
29, SHORT OF BREATH — 8 


38. FATIGE 8 
31. ANGINA 6 
POST EXERCISE PRESSURES AND PYR RHPLITUDES: 
RIGHT LEFT 
3e, ANKLE PRESSURE [MHG] 78 78 
33. ANKLE PYR RMPLITUDE CAN] ? § 
34. BRACHIAL SYSTOLIC PRESSURE [HMHG] — 158 
x OUTPUT - ARTERIAL STUDY +++ 
RIGT LEFT 
CRHATOMIC IMPRESSIONS] 
ILIAC — DISERSE NILD STENOSIS 
SFR/POP DISEASE - HIGH = Lj 
- LN WILD > 
PROFUNDA INVOLVEMENT - K 
TIBIAL VESSEL DISEASE ~ - 
(FUNCTIONAL IMPRESSIONS] 
ISCHEMIA RT REST : Lj 
LIMITING CLAUDICATION [VRSCULRR] MILD A 


— END OF ARTERIAL EVALUATION —— 








For In-Hospital 


NEW 
4 Vascular 
Diagnostic 
Computer 


(VDC) for Arterial, Venous and Cerebral 
Vascular evaluation 








Complete Internal Programs for the 
AUTOMATIC Evaluation, Interpretation, 
DISPLAY and HARD-COPY PRINT-OUT of 
all PVR SYSTEM Information: 


ee Clinical history and findings 
ee PVR Amplitudes 

ee Pressures 

ee Uni- or Bi-directional Doppler 
ee OPG and CPA data 





The VDC is programmed on the basis of 
substantial clinical experience over large 
patient series. It totally separates diagnostic 
interpretation from the relatively simple and 
easily-taught acquisition of the mechanical 
information obtained from the PVR system. 


The result is OUTSTANDING simplification 
of CLINICAL INTERPRETATION, and 
substantial reduction in technician and 
physician time with assured ACCURACY. 


Life Sciences Inc. 

270 Greenwich Avenue 

Greenwich, Connecticut 06830 U.S.A. 
Tel. 203 869-2011 





ENDO LABORATORIES TAMES THE POPPY— TO ERING YOU = ——— 








NUBAIN 


nalouohine HCI 
ANALGESIA COMPARABLE 
TO MORPHINE 


-10 MG NUBAIN IS COMPARABLE TO 
10 MG MORPHINE IN ANALGESIA 


-ONSET OF ACTION IN 2 TO 3 MINUTES IN, 
AND LESS THAN 15 MINUTES I.M.OR SC. 


-ANALGESIA LASTS FROM 
3 TO 6 HOURS 








NUBAIN e= —— 
nalouohine HCI - 


DOCUMENTED 
CLINICAL VALUE 


-Twentyseven investigations reported on the benefits of NUBAIN as 
_ — 4 pre-anesthetic, postoperative or chronic medication in 
-. — - ga variety of studies involving: E obstetric (during labor) and 
: -» gynecologic patients ™ general surgical patients m cancer patients 
——m cardiac patients W orthopedic patients W gastrointestinal patients 


LOW INCIDENCE 
OF SIDE EFFECTS 


In 27 single or cross-over clinical studies involving 9,038 drug 
evaluations, NUBAIN showed a low level of side effects* Specifically 
compared to morphine and meperidine, NUBAIN caused a lower 
incidence of vomiting. And, compared to Talwin® (pentazocine 
lactate), NUBAIN caused fewer psychotomimettc effects. The 
following bar chart shows the incidence of these side effects among 


the drugs tested? 
NAUSEA 








^ omo un 

















PSYCHOTOMIMETIC 
OCCURRENCES 












(1) (0) 

o 
A 8 
o Oo 
- 2 
I aO 
e ac 
5. € 
zx 





0- 
* p< 0 05: Statistically significant difference from NUBAIN group 


i NUBAIN (1,066 patients) p MEPERIDINE (234 patients) 


K ey 


MORPHINE (486 patients) B PED TALWIN" (252 patients) 


' These clinical studies involved patients with pain from a variety of medical causes, including labor 
-Talar E A aArthanoriirc : : T2171 T | FP P 22i peu EDT NM at : m E n 


LOW POTENTIAL 
/^ FOR ABUSE 


NUBAIN® (nalbuphine HC!) requires no special storage or additional 
paperwork beyond your normal order or prescription. NUBAIN was — 
designed to incorporate important molecular features of the antagonist 
NARCAN® (naloxone HCI) and the potent analgesic NUMORPHAN® 
(oxymorphone HCI), resulting in a drug with strong analgesia but limited 
abuse potential. 


LOW RESPIRATORY 
DEPRESSANT EFFECT 


At dosages of 10 mg/70 kg, NUBAIN causes respiratory depression 
comparable to that of morphine. In contrest to morphine, higher doses 
of NUBAIN do not increase respiratory depression appreciably 

(see Precautions). 


Compared to morphine Compared to meperidine 

NUBAIN offers NUBAIN offers 

- analgesia comparable to morphine  & analgesia comparable to that of 

in milligram potency, onset, peak, meperidine 

duration |; possibly longer duration of action 

| lower incidence of vomiting (3-6 hrs. vs. 2-4 hrs.) 

| lower respiratory depressant effect W lower incidence of nausea and 

at higher doses vomiting 

æ  Wless potential for abuse E less potential for abuse 

| less potential for development of E less potential for development of 

tolerance and physical dependence tolerance and physical dependence 
| fewer side effects were experi- 
enced during labor by mothers in 
obstetrical studies’ 


"In four double-blind obstetrical studies, NUBAIN and mzperidine provided comparable analgesia 
Neonates did equally well on both drugs but there is a possibility that either drug can 
produce depressive effects in the fetus or neonate. Moters receiving NUBAIN experienced 
fewer side effects. 
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NUBAIN 


nalouochine HCI 


DESCRIPTION 


NUBAIN (nalbuphine hydrochloride) is a synthetic narcotic agonist-antagonist analgesic of the 
phenanthrene series. It is chemically related to both the widely used narcotic antagonist, naloxone, and 
the potent narcotic analgesic, oxymorphone. 


NALBUPHINE HYDROCHLORIDE 


(-)-17-(cyclobutylmethyl) -4, 5a-epoxy = 
morphinan-3, 6a, 14-triol, hydrochloride 


HCI 





Each ml of the injectable aqueous solution of NUBAIN contains 10 mg of nalbuphine hydrochloride. 


ACTIONS 


NUBAIN is a potent analgesic. Its analgesic potency is essentially equivalent to that of morphine ona 
milligram basis. 

Its onset of action occurs within 2 to 3 minutes after intravenous administration, and in less than 15 
minutes following subcutaneous or intramuscular injection. The plasma half-life of nalbuphine is 5 
hours and in clinical studies the duration of analgesic activity has been reported to range from 3 to 6 
hours. 

The narcotic antagonist activity of NUBAIN is one-fourth as potent as nalorphine and 10 times that of 


ntazocine. 
" INDICATIONS 


For the relief of moderate to severe pain. NUBAIN can also be used for preoperative analgesia, as a 
supplement to surgical anesthesia, and for obstetrical analgesia during labor. 


CONTRAINDICATIONS 
NUBAIN should not be administered to patients who are hypersensitive to it. 


WARNINGS 


Drug Dependence NUBAINhas been shown to have a low abuse potential which is approximate to 
that of pentazocine. When compared with drugs which are not mixed agonist-antagonists, it has been 
reported that nalbuphine's potential for abuse would be less than that of codeine and propoxyphene. 
Psychological and physical dependence and tolerance may follow the abuse or misuse of nalbuphine. 
Therefore, caution should be observed in prescribing it for emotionally unstable patients, or for 
individuals with a history of narcotic abuse. Such patients should be closely supervised when long- 
term therapy is contemplated. 

Care should be taken to avoid increases in dosage or frequency of administration which in 
Susceptible individuals might result in physical dependence. 

Abrupt discontinuation of NUBAIN following prolonged use has been followed by symptoms of 
narcotic withdrawal, i.e., abdominal cramps, nausea and vomiting, rhinorrhea, lacrimation, 
restlessness, anxiety, elevated temperature and piloerection. 


Use in Ambulatory Patients |! NUBAIN may impair the mental or physical abilities required for the 
performance of potentially dangerous tasks such as driving a car or operating machinery. Therefore, 
NUBAIN should be administered with caution to ambulatory patients who should be warned to avoid 
such hazards. 


Use in Emergency Procedures Maintain patient under observation until recovered from 
NUBAIN effects that would affect driving or other potentially dangerous tasks. 


Use in Children Clinical experience to support administration to patients under 18 years is not 
available at present. 


Use in Pregnancy (other than labor) Safe use of NUBAIN in pregnancy has not been 
established. Although animal reproductive studies have not revealed leratogenic or embryotoxic 
effects, nalbuphine should only be administered to pregnant women when, in the judgement of the 
physician, the potential benefils outweigh the possible hazards. 


Use During Labor and Delivery NUBAIN can produce respiratory depression in the neonate. It 
Should be used with caution in women delivering premature infants. 


Head Injury and Increased Intracranial Pressure The possible respiratory depressant effects 
and the potential of potent analgesics to elevate cerebrospinal fluid pressure (resulting from 
vasodilation following CO, retention) may be markedly exaggerated in the presence of head injury, 
intracranial lesions or a pre-existing increase in intracranial pressure. Furthermore, potent analgesics 
can produce effects which may obscure the clinical course of patients with head injuries. Therefore, 
NUBAIN should be used in these circumstances only when essential, and then should be administered 
with extreme caution. 


Interaction With Other Central Nervous System Depressants Although NUBAIN possesses 
narcotic antagonist activity, there is evidence that in nondependent patients it will not antagonize a 
narcotic analgesic administered just before, concurrently, or just after an injection of NUBAIN 
Therelore, patients receiving a narcotic analgesic, general anesthetics, phenothiazines, or other 
tranquilizers, sedatives, hypnotics, or other CNS depressants (including alcohol) concomitantly with 
NUBAIN may exhibit an additive effect. When such combined therapy is contemplated, the dose of one 
or both agents should be reduced 


IT CAN CHANGE THE WA 
YOU THINK ABOUT 
POTENT ANALGESICS 


PRECAUTIONS 


Impaired Respiration At the usual adult dose of 10 mg/70 kg, NUBAIN causes some respiratory 
depression approximately equal to that produced by equal doses of morphine. However, in contrast to 
morphine, respiratory depression is not appreciably increased with higher doses of NUBAIN. 
Respiratory depression induced by NUBAIN can be reversed by NARCAN * (naloxone hydrochloride) 
when indicated. NUBAIN should be administered with caution at low doses to patients with impaired 
respiration (e.g., ‘rom other medication, uremia, bronchial asthma, severe infection, cyanosis or 
respiratory obstructions). 


Impaired Renal or Hepatic Function Because NUBAIN is metabolized in the liver and excreted. 
by the kidneys, patients with renal or liver dysfunction may overreact to customary doses. Therefore, in 
these individuals, NUBAIN should be used with caution and administered in reduced amounts. 


Myocardial Infarction As with all potent analgesics, NUBAIN should be used with caution 
in patients with myocardial infarction who have nausea or vomiting. 


Biliary Tract Surgery As with all narcotic analgesics, NUBAIN should be used with caution in 
patients about to undergo surgery of the biliary tract since it May Cause spasm of the sphincter of Oddi. 


ADVERSE REACTIONS 


The most frequent adverse reaction in 1066 patients treated with NUBAIN is sedation (381, 3696). 

Less frequent reactions are: sweaty/clammy (99, 9%), nausea/vomiling (68, 6%), 
dizziness/vertigo (58, 5%), dry mouth (44, 4%), and headache (27, 3%). 

Other adverse reactions which may occur (reported incidence of 1% or less) are: 


CNS Effects nervousness, depression, restlessness, crying, euphoria, floating, hostility, unusual 
dreams, confusion, faintness, hallucinations, dysphoria, feeling of heaviness, numbness, tingling, 
unreality. The incidence of psychotomimetic effects, such as unreality, depersonalization, delusions, 
dysphoria and hallucinations has been shown to be less than that which occurs with pentazocine. 


Cardiovascular Hypertension, hypotension, bradycardia, tachycardia. 
Gastrointestinal Cramps, dyspepsia, bitter taste. 

Respiration Depression, dyspnea, asthma. 

Dermatological Itching, burning, urticaria. 

Miscellaneous Speech difficulty, urinary urgency, blurred vision, flushing and warmth. 


DOSAGE AND ADMINISTRATION 


The usual recommended adult dose is 10 mg for a 70 kg individual, administered subcutaneously, 
intramuscularly or intravenously; this dose may be repeated every 3 to 6 hours as necessary. Dosage 
Should be adjusted according to the severity of the pain, physical status of the patient, and other 
medications which the patient may be receiving. (See Interaction with Other Central Nervous System 
Depressants under WARNINGS.) In non-tolerant individuals, the recommended single maximum dose 
is 20 mg, with a maximum total daily dose of 160 mg. 


Patients Dependent on Narcotics Patients who have been laking narcotics chronically may 
experience withdrawal symptoms upon the administration of NUBAIN. If unduly troublesome, narcotic 
withdrawal symptoms can be controlled by the slow intravenous administration of small increments of 
morphine, until relief occurs. If the previous analgesic was morphine, meperidine, codeine, or other 
narcotic with similar duration of activity, one-fourth of the anticipated dose of NUBAIN can be 
administered initially and the patient observed for signs of withdrawal, i.e., abdominal Cramps, nausea 
and vomiting, lacrimation, rhinorrhea, anxiety, restlessness, elevation of temperature or piloerection. If 
untoward symptoms do not occur, progressively larger doses may be tried at appropriate intervals until 
the desired level of analgesia is obtained with NUBAIN. 


Management of Overdosage The immediate intravenous administration. of NARCAN* 
(naloxone hydrochloride) is a specific antidote. Oxygen, intravenous fluids, vasopressors and other 
supportive measures should be used as indicated. 

The administration of single doses of 72 mg of NUBAIN intramuscularly to eight normal subjects 
has been reported to nave resulted primarily in symptoms of sleepiness and mild dysphoria. 


HOW SUPPLIED 


NUBAIN* (nalbuphine hydrochloride) injection for intramuscular. Subcutaneous, or intravenous 
use (10 mg/ml) is available in: 

NDC 40056-0385 10 mg/mi, 1 mi ampuls (box of 10) 

NDC #0056-0384 10 mg/ml, 2 ml ampuls (box of 10) 

NDC #0056-0386 10 mg/ml, 10 mi vials 

Each ml contains 10 mg nalbuphine hydrochloride, 0.1% sodium chloride, 0.94% sodium Citrate, 
1.26% citric acid anhydrous, 0.1% sodium metabisulfite, and 0.2 96 of a 9:1 mixture of methylparaben 
and propylparaben as preservative; pH is adjusted with hydrochloric acid. 


Sado Laboratories, Inc. 


Subsidiary of the DuPont Company 
Garden City, New York 11530 TT 


NUBAIN, NARCAN and 
NUMORPHAN are Endo registered U S. trademarks 
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New Second Edition! 


HERNI 


Edited by 


Lloyd M. Nyhus, M.D. 
and 


Robert E. Condon, M.D. 
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Lippincott 


J. B. LIPPINCOTT COMPANY 


East Washington Square e Phila., Pa. 19105 
in Canada: J. B. Lippincott Company of Canada Ltd. 


75 Horner Avenue, Toronto, Ontario MBZ 4X7 


Please send me: 





Nyhus & Condon: HERNIA 2nd Ed. ........ $59.00 
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a Payment enclosed 
(Save postage and handling) 
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“The beck to end all books on hernia”... "Magnifi- 
cent"... “recommended unreservedly”... "a sum- 
mation of today's best total hernia knowledge” are 
just a small sampling of the international acclaim 
which creeted the publication of the first edition of 
this majer work on hernia. Dr. Nyhus has now joined 
with a new co-editor, the noted surgeon Dr. Robert E. 
Condon :o bring this tremendous opus up-to-date in 
a New fand) Edition. 


The many additions and revisions to this classic text 
fulfill tre editors’ goal of bringing together, in one 
definitive volume, all established and innovative 
concepts of hernial etiology, diagnosis, and repair. 
They reflect the current emphasis on specific types of 
hernias and certain therapeutic techniques. For 
example, of special interest in this edition is the 
considerably expanded section on hernias of the 
diaphragm, which represents the only truly compre- 
hensive review of this clinically important condition 
that is presently available. A helpful discussion of the 
Shouldice approach and experience is also included. 


The popular format of the original book has been 
retainec, giving the readers the very best, most up-to- 
date information in every area of hernial surgery, 
from wor:d-renowned contributors. The chapters are 
again foFowed by Special Comments from invited 
experts, followed by Editoria! Comments by the 
editors. 


782 Pages 
2nd Edition, 1978 


457 Illustrations 
$59.00 
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an aerobic/anaerobic spectrum’ efficacy in a wide range 
that includes . Of infections* caused by 
Bacteroides fragilis single or multiple pathogens 


e Active against most aerobic pathogens — gram-negative * Effective in a wide range of infections* — such as 

as well as gram-positive peritonitis 
e Active against most anaerobic pathogens — including intra-abdominal abscess 

B. fragilis skin and skin-structure infections 
e Active against most B-lactamase-producing strains that 

destroy the activity of many cephalosporins and penicillins * due to susceptible strains of indicated bacteria at indicated sites 
Not active against most strains of Pseudomonas aeruginosa * In vitro activity does not necessarily imply in vivo effectiveness. 
and enterococci (e.g., Streptococcus faecalis) and many D MEFOXIN is often referred to as a cephamycin in the scientific 
strains of Enterobacter cloacae. Methicillin-resistant staphy erature 


lococci are almost uniformly resistant to MEFOXIN" (Cefoxitin 
Sodium, MSD) 
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Mefoxin' 
Cefoxitin Sodium|MSD 


VIALS. containing 1 gram and 2 grams cefoxitin equivalent 


P 


- aunique 

© profile of: 
Spectrum 
- efficacy 
- safety 





safety A SIMPLE AND FAMILIAR DOSAGE REGIMEN 
com arable Usual Adult Frequency and 
p n Type of Infecsion Daily Dosage Route 
to cephalothin Uncomplicated forms? of infections 1 gram every 6-8 
such as pneumonia, urinary tract 3-4 grams hours IV or IM 
Generally well tolerated, the most common adverse reaction infection, 2 jtaneous infection 
being local reactions following IV or IM injection. Contra- Modoniddes um orae bo MES 
Indicated in patients who have shown hypersensitivity to cefox- infections 6-8grams |4 hours or 2 grams 
itin and the cephalosporin group of antibiotics. Give with every 6-8 hours IV 
- caution to penicillin-sensitive patients. Antibiotics should be Infections commonly needing anti ' grams every 
administered with caution to any patient who has demon- | biotics in gher dosage (e g E gas 12 grams 4 hours or 3 grams 
strated some form of allergy, particularly to drugs. If an allergic gangrene) every 6 hours IV 
DAE UON to cefoxitin held discontinue the drug. Serious tincluding patients in whom bacteremia is absent or unlikel\ 
hypersensitivity reactions may require epinephrine and other iiie A- SASITIRTPELES GOES y 





emergency measures. Use of the drug in women of child- 
bearing potential requires that the anticipated benefit be 


| | that *duet »ptible strains of indicat i 
weighed against the possible risk. nd MN ae ITIN PAOLO Si MSD 


For full details on dosage, see Prescribing Information 





For a brief summary of prescribing information, please SHA 
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efoxitin Sodium MSD 
efoxitin Sodium MSD) 
rations: Treatment of serious infections caused by susceptible strains of the desig- 
d microorganisms in the following diseases: 

JER RESPIRATORY TRACT INFECTIONS. including pneumonia and lung abscess, 
ed by Streptococcus pneumoniae (formerly Diplococcus pneumoniae), other 
ytocecci (excluding enterococci, e.g.. Strep. faecalis), Staphylococcus aureus 
licilligase and non-penicillinase producing), Escherichia coli, Klebsiella species, 
'ophilus influenzae, and Bacteroides species. 

ITOURINARY INFECTIONS. Urinary tract infections caused by E. coli, Klebsiella 
ies, Proteus mirabilis, indole-positive Proteus (i.e., P. morgani, P. rettgeri. 

P. valgaris). and Providencia species. Uncomplicated gonorrhea due to N. 
orrhceae. 

3A-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, 
sed by E. coli, Klebsiella species, Bacteroides species including the B. fragilis 

ip, * and Clostridium species. 

JECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic in- 
imatory disease. caused by E. coli, N. gonorrhoeae, Bacteroides species including 
9. fragilis group, Clostridium species, Peptococcus species, Peptostreptococcus 
cies, and group B streptococci. 

TICEMIA caused by Strep. pneumoniae (formerly D. pneumoniae), Stapli. aureus 
vicillinase and non-penicillinase producing). E. coll, Klebsiella species, and Bacte- 
es species including the B. fragilis group. t 

IE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non- 
icillinase RE 

N AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and 
-penicillinase producing), Staph. epidermidis, streptococci (excluding enterococci, 
Strep. faecalis), E. coli, P. mirabilis, Klebsiella species, Bacteroides species in- 
ling tae B. fragilis group, t Clostridium species, Peptococcus species, and Pepto- 
oloceccus species. 

jougheappropriate culture and susceptibility studies should be performed, ther- 

may de started while awaiting these results. Cefoxitin is not active in vitro 

inst most strains of Pseudomonas aeruginosa and enterococci (e.g., Strep. 

alis) and many strains of Enterobacter cloacae. Methicillin-resistant staphylo- 

si arealmost uniformly resistant to cefoxitin. 

traindications: Previous hypersensitivity to cefoxitin and the cephalosporin 

ap of antibiotics. 

“nings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE 
JETERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHA- 
sPORINS, PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION TO PENICILLIN- 
oSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO 
* PARENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY 
JRUGS. IF AN ALLERGIC REACTION TO CEFOXITIN OCCURS, DISCONTINUE THE 
JG. SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
SER EMERGENCY MEASURES. 

icautians: The total daily dose should be reduced in patients with transient or persist- 
weduction of urinary output due to renal insufficiency because high and prolonged 
4m antibiotic concentrations can occur in such individuals from usual doses. As with 
ar antibiotics, prolonged use may result in overgrowth of nonsusceptible organisms, 
sated evaluation of the patient's condition is essential. If superinfection occurs, take 
wopriate measures. Increased nephrotoxicity has been reported following concomi- 
administration of cephalosporins and aminoglycoside antibiotics. 

wfereace with Laboratory Tests— As with cephalothin, high concentrations (>> 100 
g/ml) may interfere with measurement of serum and urine creatinine levels by the 


'5 reaction and produce false increases of modest degree in creatinine levels reported; 


4m samples should not be analyzed for creatinine if withdrawn within 2 hours cf ce- 
itin administration. A false-positive reaction for glucose in urine has been observed 

< CLINITEST® reagent tablets. 

P women of childbearing potential, weigh anticipated benefit against 
gible "sks. 

«sing Mothers — Cefoxitin is excreted in human milk in low concentrations. 

pris m Children — Safety and efficacy in infants and children have not yet been 
AISA. 

serse Reactions: The most common adverse reactions have been local reactiors fol- 
“ng intravenous or intramuscular injection. Other adverse reactions have been en- 
“tered infrequently. Local Reactions — Thrombophlebitis with intravenous 
'"^inistration; pain, induration, and tenderness after intramuscular injections. Allergic 
actions — Rash, pruritus, eosinophilia. fever. and other allergic reactions. Gastroin- 
Cnal — Nausea, vomiting. and diarrhea. Blood — Transient leukopenia, neutropenia, 
 hemalytic anemia; a positive direct Coombs test may develop in some individuals. 
acially those with azotemia. Liver Function — Transient elevations in SGOT, SGPT, 

m LOH. and serum alkaline phosphatase. Renal Function — Elevations in serum 
inine and/or blood urea nitrogen levels. 

iie: In group A beta-hemolytic streptococcal infections, therapy should be maintained 
sat least 10 days to guard against the risk of rheumatic fever or glomerulonephritis. In 
--hylococcal and other infections involving a collection of pus. surgical drainage 

-Jid be carried out where indicated. Intramuscular injections should be well within 
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Fifth Edition 


Rhoads 
TEXTBOOK OF 
SURGERY 


Principles and Practice 
e 


Edited by JAMES D. HARDY, M.D. 
with 279 contributors 


Although technically a Fifth Edition of Surgery: 
Principles and Practice, this revision is new in 
title, editor, contributing authors, content, ap- 
proach, and format. It has been reorganized 
into three major parts: General Principles of 
Surgical Practice; Specific Lesions and Dys- 
functions Involving Various Organs; and 
Parasurgical Considerations. 


The approach is now problem-oriented and this 
outstanding volume considers virtually all 
current problems in surgery. 


More than 270 contributors give you an 
enormous geographical and philosophical range 
in one volume. Each is well known in his field 
and discusses management of a specific 
problem. Included in each of the hundreds of 
topics discussed are basic features of the opera- 
tion including a table of basic facts; an overview 
of the concept under discussion; description of 
specific pathological conditions; surgical 
history; physiology; a pathophysiological 
diagram and an anatomical sketch whenever 
feasible; many excellent illustrations of disease 
processes and treatment procedures; possible 
technical errors; safeguards; postoperative 
problems; and complications. 


2354 Pages / 1738 Illustrations / 313 Tables 
5th Edition, 1977 / One Volume Format: $38.50 
Two Volume Format: $45.00 


Now Availablein Either One or Two Volume Form! 


J. B. LIPPINCOTT COMPANY 
East Washington Square 6 Phila., Pa. 19105 


In Canada: J. B. Lippincott Company of Canada Ltd. 
75 Horner Avenue, Toronto, Ontario M8Z 4X7 
Please send me: 
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Aggressive Approach to Late Thrombosis of 


Between January, 1977 and December, 1978, 26 patients pre- 
sented with delayed thrombosis of bovine heterografts in- 
serted for chronic hemodialysis. Time of presentation ranged 
from 2—29 months (mean 8.8 months) after insertion. At the 
time of presentation eight patients were not considered 
candidates for thrombectomy due to associated infection or 
physician preference. The remaining eighteen patients under- 
went thrombectomy, 13 of whom required concomitant re- 
vision of the graft (patch angioplasty at the venous anastomosis 
(6), dilatation (1), resection of intimal hyperplasia (2), re- 
section of stenotic segment with interposition graft (2), re- 
section of false aneurysm (1) and patch graft to mid graft 
stenosis (1)). Six grafts failed from eight days to seven months 
after thrombectomy and could not be salvaged. Two grafts 
functioned until death at three and four months after 
thrombectomy and the remaining ten grafts remain patent from 
4— 24 months (mean 13.1 months) after thrombectomy. Critical 
to success of thrombectomy is an incision over the venous 
limb with calibration of the venous anastomosis and patch 
angioplasty when indicated. At completion of thrombectomy 
arteriograms are mandatory to detect residual thrombosis, 
defects in the graft and adequacy of venous runoff. This 
standardized approach has resulted in a significant pro- 
longation of bovine heterograft survival. 


HE LOGARITHMIC GROWTH of the end stage renal 

disease population over the past several years has 
resulted in a dramatic rise in the number of primary 
and secondary vascular access procedures performed. 
For maintainence hemodialysis the vascular access of 
choice continues to be the radiocephalic fistula de- 
signed by Brescia and associates.' In certain primary 
access procedures however, an inadequate superficial 
network of veins results in the need for a conduit to 
construct the arteriovenous fistula. Furthermore, an 
increasing number of dialysis patients are requiring 
secondary procedures after the standard radiocephalic 
fistulae have failed. To date, the ideal conduit for this 
purpose has not been developed. Alternative conduits 
that have been used with variable success include the 
saphenous vein autografts? and allografts,’ Sparks 


Reprints requests: Paul J. Garvin, M.D., Department of Surgery, 
St. Louis University School of Medicine, 1325 South Grant Boule- 
vard, St. Louis, Missouri 63104. 

Submitted for publication: April 30, 1979. 
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Mandril prosthesis,’ human umbilical cord grafts? 
polytetraflworoethylene grafts," and bovine hetero- 
grafts.’ A though delayed complications, including 
thrombosis, infection and aneurysm continue to occur 
with the tovine heterograft, numerous dialysis cen- 
ters continue to use this material until a superior con- 
duit becomes available. Since the bovine heterograft 
remains otr secondary access of choice we undertook 
an evaluation of our management of delayed throm- 
bosis (greater than 30 days after insertion) of this 
material. The purpose of this report is to describe our 
approach $o, and results with this complication. 


Materials and Methods 


During the two year period from January, 1977 to 
December. 1978, 26 patients presented with delayed 
thrombosis of bovine heterograft inserted for main- 
tainence Femodialysis. In each instance the bovine 
heterograf- had been inserted because of a failing 
Brescia-Cimino fistula. Time of presentation with this 
complication ranged from 2-29 months (mean: 8.8 
months). Fourteen patients had straight forearm grafts 
from the distal radial artery to a subcutaneous vein 
in the antecubital fossa; one patient had a loop fore- 
arm graft from the distal brachial artery to a sub- 
cutaneous vein in the antecubital fossa; five patients 
had a stramht upper arm graft from the brachial artery 
above the elbow to the cephalic vein below the shoulder; 
five patients had a loop upper arm graft from the 
brachial a-tery above the elbow to the brachial vein 
below the axilla, and one patient had a straight thigh 
graft from the superficial femoral artery to the 
saphenous vein. At the time of presentation eight pa- 
tients were not considered candidates for thrombectomy 
due to associated infection or physician preference. 
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TABLE 1. Graft Salvage Procedures 


Number of 


Procedure Patients 


Simple thrombectomy 5 
Thrombectomy and patch angioplasty 6 
Thrombectomy and dilitation l 
Thrombectomy and resection intimal hyperplasia 2 
Thrombectomy and partial graft resection and inter- 

position to new vein P. 
Thrombectomy and aneurysm resection and inter- 

position bovine graft l 
Thrombectomy and patch graft to midgraft stenosis l 


The remaining eighteen patients underwent thrombec- 
tomy and their management comprise this report. 


Surgical Technique 


At the time of presentation all patients received 5000 
units of aqueous heparin subcutaneously. In each in- 
stance local anesthesia was utilized and the previous 
incision overlying the venous anastomosis was isolated 
circumferentially over a 2 cm segment. A 1 cm longitu- 
dinal graftotomy was made and a #4 Fogarty catheter 
was passed through the venous anastomosis extracting 
all thrombus. When three negative passes were ac- 
complished the vein was irrigated with heparinized 
saline. Next the #4 Fogarty catheter was passed 
through the bovine graft down to the arterial anastomo- 
sis extracting all thrombus. When three negative 
passes were accomplished, a vascular clamp was ap- 
plied and the venous anastomosis was calibrated with 
coronary dilators. If the anastomosis would not accept 
a 3 mm dilator, then the longitudinal graftotomy was 
extended through the venous anastomosis and a patch 
angioplasty, utilizing Dacron®, was accomplished. If 
the venous anastomosis would accept a 3 mm coronary 
dilator then all loose intimal hyperplasia was removed 
and the graftotomy closed primarily with a running 
6-0 Prolene suture. After satisfactory hemostasis was 
accomplished, a #21 scalp vein needle was inserted 
in the bovine graft and, with outflow compression, 
20 cc of contrast material (5006 Hypaque) was in- 
jected retrograde. After release of the outflow com- 
pression, a single 14 x 17 inch radiograph was taken 
to visualize the entire graft along with the venous out- 
flow tract. When a satisfactory arteriogram was ob- 
tained the wound was closed in two layers. All pa- 
tients received parenteral cephalosporins preopera- 
tively and these were continued by mouth for 48 
hours postoperatively. In most patients graft puncture 
was resumed with the next scheduled hemodialysis 
treatment. 


Results 


In Table | the various procedures performed at the 
time of thrombectomy are listed. In five cases simple 
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thrombectomy with the Fogarty balloon-tipped catheter 
followed by arteriograms was the only procedure per- 
formed. In four of these cases the arteriogram was 
considered satisfactory while the fifth case dem- 
onstrated diffuse narrowing of the bovine graft felt to 
be uncorrectable surgically. Six patients underwent 
thrombectomy and Dacron patch angioplasty at the 
venous anastomosis and three additional patients had 
stenosis at the venous end corrected by either 1) dilata- 
tion or 2) resection of intimal hyperplasia. Two pa- 
tients had resection of the bovine graft just proximal 
to the venous anastomosis with interposition to a new 
vein. One patient with an associated mid graft 
aneurysm had thrombectomy and resection of the 
aneurysm with interposition of a new segment of 
bovine graft. The final patient had an isolated stenosis 
in the mid graft which was treated by Dacron 
patch angioplasty. 

The results of these graft salvage procedures are 
listed in Table 2. Two grafts remained patent with- 
out problems until death at three and four months after 
thrombectomy. An additional six grafts clotted from 
eight days to seven months after thrombectomy. One 
of these grafts was known to be diffusely narrowed 
and two others clotted after a functioning kidney 
transplant was performed. The remaining ten grafts 
remain patent from 4—24 months (mean 13.1 months) 
after thrombectomy although three of these grafts have 
required subsequent revision. 


Discussion 


The ideal conduit for vascular access should be 1) 
nonthrombogenic, 2) conformable, 3) easy to handle 
and 4) should allow for ingrowth of perigraft tissue. 
Added benefits would be that the conduit be inexpensive 
and easily available. Unfortunately no conduit intro- 
duced for vascular access has been able to fulfill all 
these criteria as evidenced by a historical review of 
the devices used. Saphenous vein autografts were first 
used for fistula construction in 1969.5 Early experience 
with this material soon demonstrated that the results 
were clearly inferior to saphenous vein grafts in 
peripheral vascular surgery with a 20% early failure 
rate,? and only a 30% three year patency rate? being 
reported. Equally poor results with fresh and pre- 
served venous allografts prompted the use of other 
material. Sparks Mandril grafts were tried in 1973 and 
within one year showed a high propensity for form- 
ing aneurysms. The modified bovine heterograft was 
first used for vascular access in 1972.'^ Its many 
favorable properties, including availability, ease of 
handling, biocompatibility and durability were soon 
tempered by the recognition of a high incidence of 
complications including infection, thrombosis and 
aneurysm formation.'' This led to the increasing use 
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TABLE 2. Results of Graft Salvage Pro-edures 


—————————————————————————————————————————— 


Time from 
Case Insertion 
* Location (months) 


Procedure 


Result 


———————————— € 


l Loop upper arm 7 
2 Straight upper arm 0 
3 Loop upper arm 9 
4 Straight forearm 3 
5 6 
6 5 


N r3 


Straight forearm 
Loop upper arm 
bovine graft 


Simple thrombectomy 

Thrombectomy - patch graft 

Thrombectomy + interposition to new vein 
Thrombectomy + patch to mid graft stricture 
Thrombectomy + patch graft 

Thrombectomy, resection graft aneurysm, interposition 


Patent an additional 8 days 
Still patent 24 months later 
Still patent 17 months later 
Still patent 18 months later 
Still patent 13 months later 
Patent until death 3 months later 


7 Straight forearm 7 Thrombectomy - patch graft Patent until death 4 months later 

8 Straight forearm 7 Simple thrombectomy Patent an additional 6 months 

9 Straight upper arm 9 Thrombectomy + patch graft Still patent 14 months later 

10 Straight upper arm 10 Thrombectomy + patch graft Patent an additional 6 months 

11 Straight upper arm 4 Thrombectomy + resection intimal h»»erplasia Still patent 16 months later 

12 Straight upper arm 5 Thrombectomy - dilatation Patent an additional 1 month 
(until TxP) 

13 Loop forearm 6 Thrombectomy - interposition to new vein Patent an additional 7 months 
(until TxP) 

14 Straight forearm 10 Thrombectomy + resection intimal hy>erplasia Patent an additional 2 months 

15 Straight forearm 9 Simple thrombectomy Still patent 5 months later 

16 Straight forearm 9 Simple thrombectomy Still patent 4 months later 

17 Straight forearm 5 Simple thrombectomy Still patent 9 months later 

18 Straight forearm 6 Thrombectomy + patch graft Still patent 11 months later 


———————————— —Háááá— € 


of microporous expanded polytetrafluoroethylene 
(PTFE) after the initial report by Johnson and asso- 
ciates.'* Although Butler et al.'? and Tellis? have dem- 
onstrated superiority of this material when compared 
to bovine heterografts, both of their series were 
retrospective and sequential with the bovine hetero- 
grafts being inserted during their early experience 
with vascular access. Another approach to the vascular 
access problem had been advocated by Rosenthal’ 
who recommends that experience be accumulated with 
one conduit so that known complications can be 
prevented. Furthermore, when a complication does 
occur, a standardized approach to its management 
would increase the salvage rate. One of the most 
common problem with the bovine heterograft is late 
thrombosis. Although the etiology of this is multi- 
factorial, and includes blood volume changes associated 
with dialysis and irregular thickening of the wall of 
the graft, the most common etiology is stenosis at the 
venous anastomosis. This is secondary to fibrous 
deposition in the media along with hyperplasia of the 
intima which results in progressive outflow obstruc- 
tion. To increase the salvage rate of bovine hetero- 
grafts that present with late thrombosis, the initial 
surgical approach should be through an incision over 
the venous anastomosis. After all thrombus has been 
extracted with balloon tipped catheters through a small 
incision in the graft, the venous outflow tract should 
be calibrated. If the outflow tract is less than 3.0 mm 
then patch angioplasty is indicated. After graft closure, 
an arteriogram is essential to detect residual throm- 
bus, and adequacy of venous run-off. On rare occasions 
a defect in the body of the graft (e.g. case #4) will be 
detected so that repair can be accomplished. Utilizing 
this approach to the management of late thrombosis 


has resulted in a significant improvement of the cumula- 
tive patency of bovine heterografts. 
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Surgery in Von Willebrand's Disease 


INGA MARIE NILSSON, M.D., SVEN-ERIK BERGENTZ, M.D., S. ANDERS LARSSON, M.D. 


Fifty-eight major surgical procedures were performed in 38 
patients with von Willebrand’s disease (VWD), one of the most 
common of the inheritable hemorrhagic disorders. Specific 
treatment with fraction I-0, (AHF-Kabi) in addition to a 
fibrinolytic inhibitor, was given to all patients. The effect of the 
treatment was checked by measuring the Duke bleeding time 
and factor VIII:C level. A marked difference between hemo- 
philia and VWD from a surgical point of view is demonstrated. 
While most of the surgery in hemophiliacs is performed for 
severe joint deformities, contractures and blood cysts, surgery 
in VWD is mostly general surgery, often necessitated by 
massive hemorrhages from mucous membranes. 


ON WILLEBRAND'S DISEASE (VWD), also called 
V the Aland bleeding disease, is one of the most 
common of the inheritable hemorrhagic disorders. It 
was first recognized little more than 50 years ago by 
Erik von Willebrand. At that time the diagnosis was 
made on the basis of a prolonged bleeding time and an 
autosomal inheritance pattern. Almost 20 years later it 
was found that VWD was also characterized by de- 
creased factor VIII activity.”! In 1957 and 1959 Nilsson 
and coworkers!??" showed that infusion of the then 
novel concentrate, human fraction I-0* to patients with 
VWD corrected the bleeding time and caused a pro- 
longed increase in factor VIII activity. The same 
results were obtained whether fraction I-0 was pre- 
pared from normal plasma or plasma from patients with 
severe hemophilia A. These findings were confirmed by 
several others and at that time it was concluded that 
the impaired hemostasis in VWD was due to lack of a 
plasma factor, the von Willebrand factor. 

It has been shown by several investigators that the 
platelets as such are normal in number and function.?"^* 
Infusion of platelets has no effect on the bleeding 
symptoms in VWD. 

Recent advances in factor VIII biochemistry have 
shed new light on VWD. It has been well established 
that the von Willebrand factor is identical with a high 
molecular weight plasma protein, the factor VIII re- 
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lated protein. This protein can be measured quantita- 
tively in plasma as factor VIII related antigen (VIIIR: 
Ag).?9?? The von Willebrand factor is present not only 
in plasma, but also in platelets and in the vessel wall. 
The factor is necessary for a normal bleeding time, for 
adhesion of platelets to subendothelium, normalization 
of the glass bead retention of platelets and for aggrega- 
tion of platelets with the antibiotic ristocetin.^' In 
Sweden about 1000 cases of VWD are known, corre- 
sponding to a prevalence of 10 in 100,000 inhabitants. 
The corresponding figure for hemophilia in Sweden is 
seven in 100,000. 

The most characteristic clinical feature of VWD is an 
increased tendency to bleeding from mucous mem- 
branes. In most cases the disease is inherited by an 
autosomal and dominant gene but in some cases with 
unusual clinical severity of the disease the transmission 
appears to be autosomal recessive.'*** Generally, the 
cases are classified as mild or severe according to 
clinical symptoms and the laboratory data. 

At least four genetic variants of VWD have now been 
distinguished. In the classical and most common 
form, type I, there is a quantitative defect of the factor 
VIII protein complex, i.e. the von Willebrand factor, 
and all activities associated with the protein are de- 
creased. In the other types various qualitative molec- 
ular defects exist. Patients with type II have a structur- 
ally abnormal factor VIII related protein and the 
electrophoretic mobility of the protein is abnormally 
anodic. The different variants have identical clinical 
symptoms. 

Surgery in patients with VWD results, in about 60% 
of the cases, in severe, intra- and postoperative hemor- 
rhage, unless specific treatment is given.” In severe 
VWD this operative bleeding may be fatal. (For review 
see Silwer.?") 

The discovery that VWD is due to lack of a plasma 
factor has, since 1957, made it possible to give specific 
treatment of the condition with fraction I-0. It has later 
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been shown that also cryoprecipitate can be used in the 
treatment of the disease.‘ 

Only a few series have been published of surgery in 
patients with VWD receiving specific treatment. Most 
of the publications are case reports,'* but a few com- 
pilations have appeared. Dudley'' presented 65 oper- 
ated children with bleeding disorders, 15 of whom had 
VWD. Adelman? presented 171 surgical procedures 
carried out in 41 patients with von Willebrand's dis- 
ease. Silwer’ summarized the Swedish experiences 
using fraction I-0 and/or fresh plasma. In 38 operations 
abnormal bleeding was observed in some cases, but 
there was no mortality. 

In Malmó 58 operations have been performed since 
1956 in patients with VWD, and receiving specific 
substitution therapy. The purpose of this paper is to 
report our experience from a surgical and a hemato- 
logical point of view. 


Materials and Methods 


Clinical Material 


The clinical material consists of 38 patients under- 
going a total of 58 surgical procedures (Table 1). All 
the patients come from the Swedish compilation of 


TABLE 1. Number and Type of Operative Procedure 





Number of 


Procedure Patients 





General surgery 
gastric surgery 
cholecystectomy 
appendectomy 
intestinal obstruction 
breast cancer 
varicose veins 
inguinal hernia 
miscellaneous 


CONN NM NW ON MOD 


Gynecology 
hysterectomy* 
tubal resection 
uterine prolaps 
miscellaneous 


W e N CLA 


11 


Ear-nose-throat surgery 
otosclerosis 
chronic otitis 
tonsillectomy 
miscellaneous 


Uv r3 F3 bo 


Orthopedic surgery 
Dupuytrens' contracture "a 
myoplasty of quadriceps l 
femoral exostosis l 4 


58 





* [n one of the patients salpingo-oophorectomy and intestinal 
resection was performed at the same time (see text). 
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TABLE 2. Classification of VWD. 





Severe VWD. Severe bleeding symptoms 
Duke bleeding time increased (usually >20 min) 
Ivy bleeding time >30 min. 
Type I. Type II. 
VIII:C 1-20% 25-50% 
VIIIR: Ag <5% 60— 100% 
VIIIR:RCF <5% <5% 
Mild VWD As a rule only mild bleeding symptoms 


Duke bleeding time normal or slightly increased 
(<20 min) 
Ivy bleeding time increased 


Type I. Type II. 
VIII:C 20-60% 25-100% 
VIIIR: Ag 5-40% 60— 100% 
VIIIR:RCF 5-40% 5-40% 





patients wich VWD,?? and are referred to by their ini- 
tials and family numbers. The patients were classified as 
severe or mild according to the criteria described in 
Table 2. The number of operations in the different 
groups is sħown in Table 3. 

All the operations were performed at Malmó General 
Hospital. Teeth extractions have been reported pre- 
viously? aad are not included. The age of the patients 
and the yeer of operation are given in Figures 1 and 2. 

As soor as the diagnosis is established the patients 
are given detailed information about the disease. This 
includes e.2. genetical advice and information about 
the hazards of using certain drugs, especially those 
containing salicylates. They are also provided a 
" Bleeder Card” with exhortation to get in touch with 
the Hemophilia Center in case of bleedings, accidents 
and prior to any surgical intervention. 


Definitions 


The nomenclature proposed by the International 
Committee on Thrombosis and Hemostatsis for factor 
VIII-related activities is used: 


VIII:C 
VIIIR:A2 


factor VIII coagulant activity 
antigenic activities related to factor 
VIII 


TABLE 3. Number of Patients and Surgical Interventions with 
Re2ard to Sex and to Severity of the Disease 





Patients* Operations* 
Severity n = 38 n = 58 
Severe 1/4 5/6 
Mild 19/14 26/21 
* Men/Wcmen. 
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NUMBER OF 
OPERATIONS 







MILD 
SEVERE 





ever 8 a8 os Lee’. ‘SP hee. CELERE (eM AGE 
0-15 16-30 31-45 46-60 61- YEARS 


Fic. 1. Number of operations in relation to the age of the patient. 


VIIIR:RCF activities related to factor VIII which 
are associated with the aggregation 
of platelets by ristocetin. 


Preparations 


Factor VIII concentrate. Fraction I-0, prepared 
according to the glycine method of Blomback and 
Blomback*® was used. The fraction was originally 
prepared at Karolinska Institutet from fresh normal 
plasma and had a VIII:C activity five to eight times 
that of normal human plasma. Since 1967 this concen- 
trate has been prepared by AB Kabi by largely the 
same method (AHF-Kabi), using frozen plasma as raw 
material. The use of larger batches, sterile filtration 
and deep freezing has resulted in a smaller yield. A 
quantity of 100 ml (1 dose) contains approximately 
300 i.u. of VIII:C (1 u. is the amount of VIII:C present 
in 1 ml normal plasma). The fibrinogen level is about 
1-2 g/100 ml. 

EACA. Epsilon-aminocaproic acid (Epsikapron®, 
AB Kabi, Stockholm). 

AMCA. Trans-aminomethyl cyclohexane carbonic 
acid (Cyklokapron?, AB Kabi, Stockholm). 

Coagulations tests. Bleeding time. The method of 
Duke using standardized hemolets (Dade Reagent, 
Inc. Miami, Florida, USA). Normal value 1—4 min. 
Ivy's method according to a modification of Borch- 
grevink and Waaler.*?» Normal value 6-12 min. 

Collection of blood. Blood was collected with the 
silicone technique and citrated platelet-poor plasma 
was prepared as described by Nilsson et al.” and stored 
at —60? to —70? until examined. 

Factor VIII activity (VIII:C) of plasma was assessed 
from its normalizing effect of the recalcification time of 
platelet-rich hemophilia A plasma containing less than 
1% VIII:C.!$?! The amount of factor VIII present 
was expressed as the percentage of that found in a 
standard pool from 20 healthy individuals. 
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Factor VIII related antigen (VIIIR:Ag). An electro- 
immunoassay method.'? 

Factor VIII ristocetin cofactor activity (VIIIR:RCF). 
A method using formalin-fixed platelets.?? 


Principles of Substitution Therapy 


Severe VWD. Before major surgery a test dose of 
fraction I-0 was usually given to find out the dose neces- 
sary to normalize the Duke bleeding time for at least 
8—13 hours and to increase VIII:C to about 90% or 
higher. Usually the required dose was 25-40 units 
VIII:C/kg body weight. Ivy bleeding time was barely 
affected by fraction I-0 in these doses. In recent years 
the levels of VIII:Ag and VIII:RCF have also been 
measured. 

Figure 3 shows a typical response of a patient with 
severe VWD to fraction I-0. 

Immediately before surgery the patient received the 
titrated dose, or if a test dose had not been given, about 
30-40 units VIII:C/kg body weight. It was always 
checked that the Duke bleeding time became normal and 
that VIII:C increased to about 50%. A further dose was 
given four to five hours after the operation. During the 
first two to seven postoperative days fraction I-0 was 
given with 12 hours interval in doses sufficient to keep 
the Duke bleeding time normal or only slightly pro- 
longed, and the VIII:C level well above 40%. Up to 
two to four weeks, depending on the magnitude and 
type of operation, the treatment was continued by 
giving factor VIII with 24—48 hours interval, keeping 


NUMBER OF 
OPERATIONS 


30 


25 


20 


15 


10 











1956-60 1961-65 1966-70 1971-75 


Fic. 2. Number of operations of patients with VWD in different 
five year period. 
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Fic. 3. The response of 
a patient with VWD after a 
single infusion of AHF, 
with regard to bleeding 
time, factor VIII coagulant 
activity, antigenic activities 
related to factor VIII, and 
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30 * MINUTES 
BLEEDING TIME 
( DUKE ) 20 
10 
160 
140 
LEVEL OF 


vic — ee 120 
VIR Ag  4—4 100 


ristocetin cofactor activity. i ww 80 
i T | 
60 
40 | 
20 


1 3 5 
| Fuson OF 


24 29 
HOURS AFTER INFUSION 


1500 IU AHF-KABI (FRACTION I-C) 


the VIII:C level at 20-40%. The Duke bleeding time 
could not be determined every day because the ears 
became pricked all over. Using determination of 
VIIIR:RCF the level is kept at 40-60% during 
operation and the first postoperative days and than ata 
level no lower than 10-15% until healing has taken 
place. 

In minor surgery the same regimen was followed 
but treatment was continued for only five to seven days. 

The patients were also given EACA or, in recent 
years, AMCA. The dosage of AMCA was 0.01 g/kg 
body weight intravenously at six to eight intervals. 

Mild VWD. Patients with mild VWD were given 
fraction I-0 in reduced doses depending on the original 
level of VIII:C and the prolongation of the Duke 
bleeding time. Treatment was usually continued for 
5—7 days. 

The treatment was identical for the different variants 
of the disease. 


Surgical Principles 


The preoperative evaluation is carried out as in other 
patients. Angiography, and, in severe VWD, also 
endoscopic procedures, are performed only after 
specific prophylaxis. The indication for surgery are 
principally the same as for other patients, but it has 
been found wise to be more liberal to operate on lesions 
in stomach and uterus, such as ulcer, gastritis, polyps, 
and myoma. Such conditions cause more severe 
bleeding in patients with VWD than in other individuals. 

The operations were performed with an atraumatic 


technique, avoiding diathermia. Drainage has been 
used on the same indications as in other individuals. 


Results 
Complications 


The 58 surgical procedures claimed no mortality. 
There was no abnormal bleeding tendency during 
operation znd no excessive bleeding or wound hema- 
toma after ooeration, but in a few cases the hematocrit 
fell, indicatiag a larger blood loss than usual. Only six 
patients (twelve operations) required blood transfusion 
during or after the operation. Six of these operations 
are presented in Tables 4 and 5. On six other occasions 
a single unit of blood was given. In most cases erythro- 
cyte concen-rates were used after cross matching with 
Coomb's test. 

One patient developed jaundice two months after a 
mastectomy. In spite of the absence of serological 
evidence, it was considered to be some form of trans- 
fusion hepatitis. Two other patients developed anti- 
bodies agairst Hepatitis B virus, but they have never 
shown any clinical signs of hepatitis. 

No other side effects of infusion of fraction I-0 was 
seen. There was no formation of antibodies against 
factor VIII. There was no case of thrombosis as 
diagnosed c inically. 

The length of stay varied with the operation as in 
patients without any bleeding disorder. It was usually 
prolonged only by the preoperative hematological 
survey. 
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TABLE 4. Data from Seven Patients Undergoing a Total of Nine Stomach Operations 
Substitution Therapy 
Operation 
Level of VIII:C Bleeding Time, Duke, Comment 
(%) During: During: T: Operative 
Fam- Year —— + post- 
ily Type of Dura- Day Day operative 
Pa- Num- Sever- Oper- Weight tion of Day Day Day of Day Day Day transfusions 
tient ber Sex ity* ation (kg) Age Dosest (days) Op 2-4 5-8 9- Op 2-4 5-8 9- (units) 
BT l F Ls 68 54 29 42 18 47 84 110 9 2 3 15 >15  Polypectomy 
90 129 200 180 4 >30  »30 T:0+0 
WW 103 M I,m 68 70 44 9 4 70 95 «s — B II 
155 250 T:0+0 
GB 11 M E. 70 58 57 184 48 200 200 385 57 — — 30 30  Gastrotomy 
290 375 410 360 «5 5 + truncal 
vagotomy. 
T:3 +9 
73 55 60 81 20 165 225 140 115 5 — — 4 BI 
205 250 215 T$ +6 
74 58 61 78 22 100 190 — 61 «5 2 4 >10 BII 
250 250 3 11 TI 
GJ 14 M I,m 72 85 29 42 8 69 185 150 10 — — Selective 
178 180 vagotomy 
pyloroplasty 
MA 10 F E d 74 54 42 97 20 250 212 202 36 30 30 — — BI 
270 260 212 370 T:3 +7 
RA 67 M IIl, m 74 68 51 60 12 340 190 160 148 <5 10 5 2 BI 
277 175 320a) a) Pneumonia 
T:0+ 3 
AO 101 M I,m 76 78 21 17 9 190 410 160 55 <5 5 — — Leiomyoma 
350 T:0+0 
Two figures for one day indicates the lowest and the highest figure that day. t Number of doses each containing 300 i.u. VIII:C. 


* s. severe, m. mild. 


Patient Data 

Table 4 illustrates some of the findings in the patients In both cases the only symptoms were profuse hemor- 
undergoing gastric surgery. In one patient (BT 1) the rhages. One patients (GB 11) is of special interest, since 
indication to operate was a small benign polyp (Fig. 4), he illustrates some of the problems encountered in 


and in another (AO 101) a relatively small leiomyoma. 


TABLE 5. Data from Five Patients Undergoing Hysterectomy and, in One Case (MA) Also Salpingo-oorphorectomy 


Fam- 
ily 

Num- 
Case ber 
BT 1 
MA 21 
IH 42 
UD 142 
MA 10 


Substitution Therapy 


Operation 
Level of VIII:C Bleeding Time, Duke, Comment 
(%) During: During: T: Operative 
Year — á > + post- 
Type of Dura- Day Day operative 
Sever- Oper- Weight tion of Day Day Day of Day Day Day  transfusions 
ity* ation (kg) Age Dosest  *(days) Op 2-4 5-8 9- Op 2-4 5-8 9- (units) 
NO 56 54 17 7 41 60 100 — 25 3 3 3 T:0+0 
60 5 
I, m 59 58 28 3 3 95 73 e — T:04 0 
I, m 68 60 50 15 14 — — — — «5 5 — — Tr: +s 
I, m 75 55 30 13 4 94 185 «5 5 T:0+0 
85 
E 71 52 39 86 25 55 60 170 33 15 4 10 TS+ 
350 271 325 26 12 


*s. severe, m. mild. 
t Number of doses each containing 300 i.u. VIII:C. 
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severe VWD. At his first operation he had a prolonged 
history of bleeding and suspected duodenal ulcer. The 
bleeding was, however, found to come diffusely from 
the gastroduodenal mucosa, and therefore only vagot- 
omy and pyloroplasty were carried out. The patient 
afterwards had repeated gastrointestinal hemorrhages 
requiring two additional laparotomies. No ulcer was 
found, but diffuse hemorrhage from the mucosa. On 
two occasions bleeding was found to occur from silk 
sutures in the mucosa, and the bleeding stopped after 
removal of the sutures. 

Table 5 illustrates the management and results in 
patients undergoing hysterectomy. The indication to 
operate was in most cases profuse hemorrhages. Pa- 
tient MA 10 was operated upon for an acute intestinal 
obstruction, which was found to be due to massive 
hemosalpinx with secondary widespread infection. In 
addition to salpingo-oophorectomy a resection of the 
small intestine had to be performed. This patient has 
since also been subjected to gastrectomy because of 
repeated bleeding from duodenal ulcers (Table 4). 

In six patients cholycystectomy has been performed, 
including one common duct exploration. There were no 
postoperative complications except of pancreatitis in 
one case. 


Discussion 


It has been clearly established that all kinds of sur- 
gery can now be performed in patients with hemophilia 
aor 8. 

The principles for substitution therapy in the dif- 
ferent types of procedures and different types of hemo- 
philia as well as the indications and surgical techniques 
have been described in detail.??*??* Hemophilia causes 
a number of surgical diseases, such as joint deformities, 
blood cysts in bones and muscles, and muscle con- 
tractures. Therefore more than half of the surgical 
procedures in these patients were orthopedic, and 
almost half of them, particularly in severe hemophilia 
were performed in children.? 

The type of surgery performed in VWD is com- 
pletely different. Most of the procedures are performed 
in adults, and most of them are general surgery. There 
is, however, some dominance of surgery of the stomach 
and duodenum and the uterus, because of profuse 
bleeding from the mucous membranes. Some of the 
gastric operations were performed because of bleeding 
duodenal ulcer. It is, however, noteworthy that some- 
times a gastric operation had to be performed because 
of bleeding from a small polyp or a leiomyoma, con- 
ditions which rarely cause massive bleeding in patients 
with normal hemostatic mechanism. The profuse 
bleeding from silk sutures in the gastric mucosa is also 
of interest, and indicates that nonabsorbable suture 
material is contraindicated in gastric surgery in this 
type of patient. 
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Fic. 4. The amount of substitution therapy, the bleeding time, and 
the factor VII: XC activity in an operation for a gastric polyp in a 29- 
year-old patiea. with VWD. 


Also with regard to the management of the substitu- 
tion therapy there are marked differences between the 
two diseases. For the treatment of hemophilia several 
different fzctor VIII concentrates, containing factor 
VIII:C are available and have a proved effect.???? In 
VWD it is not essential to administer VIII:C but to 
give above all an adequate amount of functionally 
active von Willebrand factor, i.e. factor VIII related 
antigen, which can normalize the defect platelet 
adhesion and correct the bleeding time. As pointed out 
above, this factor also stimulates the production of 
VIII:C. It occurs in fresh and deep-frozen plasma, and 
plasma cam be used in mild cases not requiring an 
intense substitution therapy. In the severe form of 
VWD fresh plasma is insufficient to prevent surgical 
bleeding??**! and may create circulatory problems due 
to volume overload.?^? Fraction I-0 used exclusively 
in this series, was the first preparation found to contain 
von Willeb-and factor in considerably higher con- 
centration taan plasma.'? Cryoprecipitate can also be 
used in the treatment of patients with VWD,!'*:!*?? but 
in our experience it is not as effective as fraction I-0 
(unpublished observation). The highly concentrated 
commercial factor VIII concentrates do not normalize 
the bleeding defect in VWD, probably due to dena- 
turation of the factor VIII protein complex.^??? 

For monitoring the effect of substitution therapy we 
have in the severe cases of the present material above 
all used determination of Duke bleeding time and deter- 
mination of VIII:C. Nilsson et al.,?? found that surgery 
could be performed without abnormal bleeding when the 
Duke bleed:ng time was normalized with fraction I-0, 
in spite of a prolonged Ivy bleeding time. Other au- 
thors!?:? have confirmed that the Ivy bleeding time is 


py: 


much less affected by treatment with plasma fractions 
than the bleeding time according to Duke. In the 
mild cases we have usually determined Ivy bleeding 
time immediately after the infusion and tried to give 
fraction I-0 in such amounts that a shortening of the 
Ivy bleeding time has been noticed. In patients with 
severe VWD and very low levels of VIII:C it is neces- 
sary to check that the levels of this factor rise to those 
recommended for surgery in hemophilia A. One can, 
however, not rely on the VIII:C level alone, as one 
can in hemophilia. In several cases the Duke bleeding 
time was prolonged in spite of a high VIII:C level, as 
seen in Tables 4 and 5. The Duke bleeding time is there- 
fore the most important to follow during surgery in 
severe VWD. There is, however, a limitation as to the 
number of times the bleeding time can be determined 
in a short period. 

In recent years reliable methods for determination of 
VIIIR:RCF have become available,? which might be 
used to follow the effect of therapy. A dissociation 
between the bleeding time correcting factor and VIIIR: 
RCF has, however, been reported for some factor VIII 
concentrates. ”™?? 

As a supplement to the factor VIII treatment all 
patients were given a fibrinolytic inhibitor. By sup- 
pressing the local fibrinolysis it is possible for an 
initially formed clot to persist despite a falling content 
of factor VIII and von Willebrand factor.®+7-28-30 

The present series thus illustrates that major surgery 
can be carried out in patients with VWD without a sig- 
nificantly increased intra- and postoperative risk. As for 
hemophilia, we regard it as important to concentrate 
also VWD patients to a few centers where there is a 
coagulation laboratory with the capacity to perform the 
necessary analysis, and surgical teams with interest 
and experience in the management of these patients. 
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lliac Artery Ligation 


The Relative Paucity of Ischemic Sequelae in Renal Transplant Patients 


THOMAS F. GOREY, F.R.C.S.I., GREGORY B. BULKLEY, M.D., EVERETT K. SPEES, JR., M.D., PHD., 


In order to assess the effect of iliac artery ligation on the 
distal extremity, the ten year experience of the Johns Hopkins 
renal transplantation program was reviewed. Among 467 
transplant procedures in 390 patients there were six cases in 
which the common and/or external iliac artery had been 
ligated for control of untoward hemorrhage from an infected 
arteriotomy site. These six cases were studied in detail with 
particular attention to ischemic sequelae in the involved leg. 
There were no immediate or causally-related deaths. No pa- 
tient lost a leg or required an immediate reconstructive pro- 
cedure for limb salvage. Four of the six recovered ambulatory 
status, and only two of these required a later, elective re- 
construction for claudication. The combination of these six 
with eight other similar patients previously reported pro- 
vides a total of 14 cases of iliac artery ligation in renal trans- 
plant patients. No patient suffered actual limb loss, and only 
three underwent subsequent elective reconstruction for 
claudication. It is concluded that common and/or external 
iliac artery ligation without immediate revascularization may 
be performed for control of hemorrhage with little danger of 
limb loss in renal transplant patients. 


OES LIGATION OF THE iliac artery result in ischemic 
D sequelae in the involved leg? This question has 
developed a renewed importance in an era of modern 
vascular surgery. Whereas in the past ligation of the 
common and/or external iliac artery was performed 
for vascular trauma? or aneurysm,? current recon- 
structive techniques have rendered these indications 
almost obsolete. The contemporary surgeon is more 
likely to employ this procedure as a last resort in the 
patient with otherwise uncontrollable hemorrhage from 
an infected arteriotomy in association with either a 
previous arterial reconstruction? or a renal trans- 
plant.*!? In an attempt to determine the effect of iliac 
ligation on the distal extremity, the experience in the 
transplantation programs of the Johns Hopkins Medical 
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Institutions was reviewed and combined with that 
which has been previously reported. 


Methods 


The entire renal transplant experience of the Johns 
Hopkins Medical Institutions was reviewed from its in- 
ception in October 1968 through September 1978, a ten 
year period. This included 467 transplants in 390 pa- 
tients both at The Johns Hopkins Hospital and the 
Baltimore City Hospitals. This study was limited to 
those patients who had undergone renal transplanta- 
tion but were subsequently set apart from the others 
by the necessity for ligation of their common iliac artery 
(CIA) and/or external iliac artery (EIA) with or with- 
out ligation of the internal iliac artery (IIA). Division 
of the IIA alone (a common step in renal trans- 
plantation! was not sufficient for inclusion in this series. 

Six patients were found who fulfilled the above cri- 
teria. Their courses were reviewed retrospectively by 
means of chart review, interview of the contemporary 
primary physician and review of the dictated and hand- 
written operative notes. The two patients still sur- 
viving were interviewed and examined by one of the 
authors (GBB). 

Particular note was taken of the presence or ab- 
sence of associated vascular disease as well as the 
status of both ipsilateral and contralateral collaterals 
at the time of iliac ligation. The hospital course was 
analyzed with particular regard to sequence of vessel 
ligation anc resultant vascular anatomy. The post iliac 
artery ligat:on status of the patient was examined with 
regard to ischemic symptoms, tissue viability, distal 
arterial pulses, functional end result, and activity level. 
If subsequent revascularization had been performed, 
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the procedure carried out and the precise indications 
were recorded. 


Case Reports 


Case 1. E.J. was a 56-year-old cirrhotic male with acute glomeru- 
lonephritis and hypertension. He had received a cadaveric renal 
transplant (CRT) wherein the main renal and a polar artery were 
each anastomosed end to side to the EIA. Five weeks later a wound 
infection required incision and drainage. Shortly thereafter, mas- 
sive hemorrhage from the wound necessitated transplant nephrec- 
tomy and ligation of the right CIA at the aortic bifurcation and 
the EIA distally. The patient sustained a cardiac arrest on the 
operating table, and following resuscitation, was transferred to the 
intensive care unit, where he initially complained of pain, numb- 
ness, and coldness in the leg. There was no objective neurologic 
deficit however. Later that day, despite a clinically viable ex- 
tremity, he underwent a femorofemoral saphenous vein bypass to 
prevent the feared ischemic loss of the leg. Postoperatively the foot 
became warm with pedal pulses palpable. He recovered and was 
discharged without symptoms in that leg. Over the next nine months 
he required two operative revisions of a thrombosed graft, each 
time for claudication without threatened limb loss. Thereafter his 
leg remained asymptomatic. Two years later the patient suc- 
cumbed to multiple septic complications following a second CRT 
to the contralateral iliac fossa. His right leg remained viable until 
the time of his death. 

Case 2. J.B., a 36-year-old man, had undergone a left CRT follow- 
ing hemodialysis for chronic renal failure (CRF) due to hypertension. 
The infant donor aorta, to which both kidneys remained attached, 
was anastomosed end-to-end to the recipient IIA. Three days post- 
operatively rupture of both kidneys necessitated their emergency 
removal. Three days later a deep staphylococcal infection was 
incised and drained, leading to a second episode of hemorrhage a 
week later. This required CIA ligation for control. The patient suf- 
fered an initial episode of ischemic leg pain, but by the second 
postoperative day his leg had remained viable, and he was able 
to walk down the hall without claudication. Over the next three 
months he complained of intermittent claudication, a cool left foot 
and rest pain while on dialysis. He therefore underwent success- 
ful left iliofemoral bypass with relief of his symptoms. He sub- 
sequently underwent a second and third CRT, the third employ- 
ing his Dacron® bypass graft." His leg remained asymptomatic 
until the time of his death from a pulmonary embolus five years 
after his initial transplant. 

Case 3. C.J. was a 56-year-old woman on hemodialysis for CRF 
secondary to membranous glomerulonephritis and insulin-dependent 
diabetes. She had undergone a CRT during which the donor renal 
artery was anastomosed end-to-end to the IIA. A stormy post- 
operative course included an infected transplant wound associated 
with staphylococcal septicemia which required a transplant 
nephrectomy three months later. This wound was treated with open 
packing until a month later, when sudden hemorrhage required 
reexploration of the wound and ligation of a bleeding IIA and 
internal iliac vein (IIV). Five days later the patient rebled and liga- 
tion of the CIA was required for definitive control. Postoperatively 
the patient exhibited "some coldness of the right foot,’ which was 
also pulseless. Nevertheless, the patient and the leg survived with- 
out claudication or rest pain. She remained ambulatory, but her 
activity was somewhat limited by a postphlebitic syndrome. Six- 
teen months following CIA ligation her right femoral pulse had re- 
turned (**2"") but her distal pulses remained inpalpable. This ob- 
servation was confirmed upon reexamination at 20 months. She re- 
mained free of ischemic symptoms until the time of her death from 
a stroke over two years following iliac ligation. 
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Case 4. A.K. is a 27-year-old man with CRF secondary to poly- 
cystic kidneys. His first CRT was rejected after ten months and 
was removed with ligation of the right IIA. Eighteen months later 
the three renal arteries of his second CRT were anastomosed 
end-to-side to the left EIA. Two months later a transplant 
nephrectomy was performed for rejection in a purulent wound. The 
donor vessel stumps were left in situ. Over the next five days the 
patient twice required reexploration for hemorrhage. Control was 
finally obtained by ligation of the proximal and distal EIA. Post- 
operatively the leg was found to be cool and pulseless to palpation. 
However, the dorsalis pedis pulse was present by Doppler examina- 
tion, and capillary refill was satisfactory. Two and one half years 
later the patient has no ischemic symptoms or signs in his leg al- 
though he is confined to a wheelchair by severe osteoporosis. The 
Doppler systolic blood pressure in both his left dorsalis pedis and 
posterior tibial arteries is 130 torr at the time his brachial and right 
pedal pressures are 150 torr. 

Case 5. L.H. is a 48-year-old man who had been maintained on 
hemodialysis for CRF secondary to hypertension when he received 
a CRT from a five year old donor. The donor artery was implanted 
end-to-side into the EIA by use of a Dacron patch. A month later, 
a superficial and deep perinephric abscess required incision and 
drainage. Three weeks later, sudden hemorrhage from his iliorenal 
anastomosis necessitated emergency transplant nephrectomy. Five 
days later, recurrent hemorrhage from the arteriotomy required 
ligation of the CIA, EIA and IIA for control. Postoperatively pedal 
pulses were not palpable, but the Doppler systolic blood pressure 
in the leg was 45-50 torr. His leg gradually improved and at the time 
of discharge his leg was warm and without rest pain. Five weeks later, 
a third episode of hemorrhage required emergency transabdominal 
ligation of the left CIA. Thereafter, he had no palpable pulses on the 
left. At interview two years following iliac ligation, he was ambula- 
tory without claudication, even while mowing his lawn. Doppler 
systolic pressures in the leg were 110 torr. with a brachial pressure 
of 150 torr. 

Case 6. P.T. was a 49-year-old man with hypertension and CRF 
secondary to chronic glomerulonephritis. At the time of his second 
CRT a double renal artery was anastomosed end-to-side to his right 
EIA. Nine days postoperatively a transplant nephrectomy was per- 
formed for graft rejection in an infected bed. When he developed 
an expanding hematoma five days later, the EIA was ligated proximal 
and distal to the bleeding site. He sustained a cardiac arrest post- 
operatively after which the ipsilateral pulses were noted to be absent. 
The limb was initially cold below the knee with diminished distal 
sensation. After two days, however, sensation and motor activity 
began to return. Despite aggressive treatment, his condition 
deteriorated and he died eight weeks later from inanation and sepsis. 
Throughout this period, his leg remained free of ischemic symptoms 
or signs, although the gravity of his condition precluded ambulation. 


Comments 


All six patients underwent iliac ligation for emer- 
gency control of hemorrhage from the site of transplant 
nephrectomy following CRT. In all six cases infection 
was documented at the time of nephrectomy, necessi- 
tating the ligation and/or repair of vessels in a purulent 
milieu. In five of the six, the donor renal artery pedicle 
had been left in situ at the time of nephrectomy. 

There were no immediate deaths, and no deaths re- 
lated directly to the hemorrhage or to the operative 
procedure. One patient died eight weeks postopera- 
tively for unrelated reasons. The other five survived 
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for periods offrom two to four years, with two currently 
alive. None suffered ischemic tissue loss in the distal 
extremity and none required immediate revascular- 
ization (Table 1). Although patient number one did 
undergo an immediate reconstructive procedure, the 
survival of his leg despite subsequent thrombosis of his 
bypass suggests that this procedure had not been neces- 
sary for limb salvage. 

Of the five patients who survived, four became 
ambulatory, whereas one remains confined to a wheel- 
chair due to osteoporosis. Of the four ambulatory pa- 
tients, two have required subsequent revascularization 
procedures for claudication and two remain asympto- 
matic. Therefore, of the six original patients under- 
going iliac artery ligation, none suffered tissue loss and 
only two required reconstruction for claudication. 


Discussion 


Following ligation of the iliac artery there is concern 
for the leg with respect to both ischemic loss (gangrene) 
and functional impairment (claudication). The inci- 
dence of such sequelae is variable, depending upon the 
clinical setting in which ligation must be performed. 
An extensive potential collateral circulation can supply 
the leg via the common and profunda femoral arteries 
after iliac artery ligation. Parietal pathways include the 
intercostal and subcostal arteries, which anastomose 
with the deep circumflex iliac, the lateral and medial 
circumflex iliac, and the internal iliac artery branches. 
Visceral pathways include the inferior mesenteric and 
middle hemorrhoidal, which connect with the distal 
parietal circulation via the uterine, inferior vesicle, and 
internal pudendal arteries. 

The interest in iliac artery ligation is longstanding. 
After the reintroduction of arterial ligation by Ambrose 
Paré in the 16th century, the first comprehensive re- 
view of the literature on surgical ligation of the iliac 
arteries was reported by Halsted in 1912,95 where he 
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summarized 100 cases of CIA ligation for iliofemoral 
aneurysm over the preceding 100 year period. He re- 
ported a rate of limb loss of from 3.3 to 6.6% in the 
various series he had reviewed. 

Prior to 1245, the iliac artery was not uncommonly 
ligated for control of hemorrhage from traumatic injury. 
In DeBakey's review of military arterial trauma before 
and during World War II, he reported 43 cases of iliac 
artery ligation, in which ligation of the CIA and EIA 
was associated with a 53.8 and 46.796 incidence of 
distal gangrene, respectively.? DeBakey attributed 
the difference in outcome between his series and 
Halsted's tc the fact that Halsted's patients had had 
chronic atherosclerosis that could have led to the 
development of an extensive collateral circulation 
around the iliac lesion. In contrast, the World War II 
military subjects were primarily young men without 
concomitant vascular disease. In addition, the military 
injuries often involved more extensive tissue loss, 
bacterial contamination and damage to the ipsilateral 
venous sytem and arterial collaterals. 

The rather disappointing outcome of iliac ligation 
reported by DeBakey accelerated the development of 
improved arterial reconstructive procedures, including 
the use of flexible synthetic vascular grafts. As a con- 
sequence, few iliac artery ligations were reported from 
the Korean* or Vietnam" conflicts. For similar reasons, 
the modern civilian vascular experience provides no 
specified cases of ligation for analysis among 57 re- 
ported iliac injuries. *:!! !? 

Ligation cf the iliac artery, or the Y-limb of an aortic 
bifurcation graft, without reconstruction, has been 
reported after dehiscence of an infected suture line 
following pr2vious vascular reconstruction, usually for 
atherosclerctic disease. We were able to find only 17 
such cases :n the literature, after excluding all those 
wherein the subject died before the effect of ligation 
on the involved limb could be ascertained .?:9:10.15.16.18—20 
Amputation was necessary in ten of these patients (59%), 


TABLE 1. Summary of the Courses of the Six Patients in This Series Who Underwent Iliac Artery Ligation 
—S— DU SEEN 
Vessels Ligated 
Outcome 
Contra- 
lateral . Viability 


Patient 


No. Age/Sex Diagnosis Ipsilateral Function Comments 


l 56 M AGN, HBP CIA, EIA None Yes Claudication Required elective reconstruction 
thrice 

2 36 M CGN, HBP CIA, HA None Yes Claudication Required elective reconstruction 

3 56 F MGN, DM CIA, IIA None Yes Full Ambulatory 

4 27 M Polycystic Kidneys HA, EIA IIA Yes (Indeterminate) — Wheelchair confined 
(Osteoporosis) 

5 48 M HBP CIA, EIA, IIA None Yes Full Ambulatory 

6 49 M CGN, HBP EIA IIA Yes (Indeterminate) Moribund 


v AA, A cite es ec ws stern 
M = male; F = female; AGN = acute glomerulonephritis; HBP erulonephritis; CIA = common iliac artery; EIA = external iliac 
= hypertension; DM = diabetes mellitus; CGN = chronic glom- artery; IIA = internal iliac artery. 


756 


TABLE 2. /liac Artery Ligation for Sepsis Following 
Vascular Reconstruction 


Patients Undergoing 


Iliac Ligation Limb Loss 

Author (number) (number) 
Conn, et al.’ l l 
Hoffert, et al.’ l l 
Jamieson, et al.? 3 l 
Javid, et al.!^ l 0 
Schramel & Creech? l l 
Smith & Szilagyi’! 3 Fa 
Szilagyi, et al.'* 4 4 
Van De Water & Gaal'® 2 0 
Wolf & Pate?? l 0 
Total 17 10 


with limb survival reported in seven (Table 2). In almost 
all of these cases, the published data were insufficient 
to allow assessment of claudication or other functional 
sequelae. 

When iliac artery ligation is performed for control 
of hemorrhage in the face of infection in renal trans- 
plant patients, the clinical situation appears to be more 
analogous to that reported by Halsted. In these patients 
the basic renal disease process may often be associated 
with more widespread vascular disease, a situation 
favoring the development of the collateral circulation 
prior to iliac ligation. On the other hand, in many of 
these cases collateral pathways have already been 
interrupted during the course of the operative pro- 
cedure for renal transplantation. The inferior epigastric 
artery is frequently divided in order to gain retro- 
peritoneal exposure, and the IIA is usually divided to 
permit its anastomosis with the donor renal artery. In 
patients who have had more than one renal transplant, 
the contralateral ILA may have been ligated previously 
as well. Thus the integrity of collateral pathways in 
renal transplant patients is variable, and depends upon 
the concomitant presence of vascular obstructive dis- 
ease, the extent of surgical interruption of the collateral 
circulation, and the time period available for the 
development of collaterals prior to circumstances re- 
quiring iliac ligation. The limb loss rate actually re- 
ported in these patients is relatively low (Table 3). 
Anderson, Butcher and Ballinger' reported one case 
of ligation of the CIA, EIA, and IIA for a mycotic 
aneurysm of the IIA following renal transplant. There 
was good subsequent function of the extremity, and 
arteriography showed the development of extensive 
parietal collateral pathways to the femoral system. 
Goldman, et al.? reported six cases of iliac artery 
ligation in a large series of renal transplant recipients. 
Five of these subjects developed subsequent claudica- 
tion and one exhibited incipient gangrene. The latter 
subject, however, died of other medical problems while 
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TABLE 3. Results of Iliac Artery Ligation in Renal 
Transplant Recipients 


Patients 
Undergoing Subsequent 
Iliac Limb Recon- 
Ligation Loss structions 
Author (number) (number) (number) 
Anderson, et al.! l 0 
Goldman, et al.? 6 | hai 1 
Payne, et al.!? l 0 0 
Present Series 6 0 2 
Total 14 I* 3 


* This patient reportedly died with incipient gangrene before 
amputation was performed. 


awaiting a revascularization procedure. Payne, et al."? 
reported ligation of the EIA in three renal transplant 
recipients, only one of whom survived for evaluation. 
This patient subsequently maintained a patent Scribner 
shunt in that extremity without revascularization. Thus 
of the eight patients previously reported from the trans- 
plant experience that have survived iliac artery ligation, 
none has required immediate revascularization. Simi- 
larly, none of the six patients reported in our series 
lost their limbs or required immediate revascularization 
for tissue loss while two of six required elective re- 
vascularization for claudication. 

Therefore, the combined experience with iliac artery 
ligation in renal transplant recipients, reported here 
and previously, consists of 14 patients who can be evalu- 
ated with respect to distal ischemic sequelae. None 
required reconstruction immediately and there were no 
cases of actual limb loss. Seven subsequently devel- 
oped claudication, and three underwent reconstruction 
at a later time. These findings argue strongly against 
the necessity of performing an immediate revascular- 
ization procedure when iliac artery ligation is required 
for the emergency control of hemorrhage. These pa- 
tients are usually immunosuppressed, and often suf- 
fering from the systemic effects of infection and 
hemorrhage. A reconstructive effort under these cir- 
cumstances adds a significant increment of risk to an 
already hazardous situation. On the contrary, it seems 
more prudent to ligate the vessel and monitor the 
ipsilateral extremity. The functional status may then be 
evaluated after the subject has recovered from his 
serious illness, and a reconstructive procedure per- 
formed electively, if it is indicated at all. 
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Superior Vena Caval Obstruction Associated With 
Long-term Peritoneovenous Shunting 


FREDERIC E. ECKHAUSER, M.D., WILLIAM E. STRODEL, M.D., JAMES A. KNOL, M.D., JEREMIAH G. TURCOTTE, M.D. 


The first described case of superior vena caval obstruction 
associated with a chronically implanted peritoneovenous shunt 
occurred in a patient with Budd-Chiari syndrome eight months 
after placement, and necessitated operative portal decom- 
pression and shunt removal. 


ERMANENT PERITONEOVENOUS shunting using a 
P surgically implanted, pressure activated LeVeen 
valve has become an accepted means of managing pa- 
tients with medically intractable ascites." Reported 
complications occurring with frequencies of 5-20% 
include: wound infection and/or valve sepsis, fluid 
overload and congestive failure, bleeding diathesis re- 
lated to intravascular coagulopathy, and shunt oc- 
clusion.'® The previously unreported occurrence of 
innominate-subclavian and superior vena cava throm- 
bosis after peritoneovenous shunting represents a 
potentially lethal event, and constitutes the basis for 
this communication. 


Case Report 


A 67-year-old white female noted the gradual onset of abdominal 
swelling and malaise. She had previously taken diethylstilbestrol 
for 12 months to ameliorate postmenopausal complaints. Laparot- 
omy demonstrated 3.500 ml of clear ascites. Biopsy of a grossly 
abnormal liver showed congestive changes with "blood pooling” 
and nonspecific midzonal necrosis consistent with Budd-Chiari 
syndrome. Neoplastic, infectious, or cirrhotic changes were not 
evident. Conservative management employing sodium and fluid 
restriction plus diuretics was unsuccessful. Other causes of hepatic 
venous occlusion such as polycythemia rubra vera, hypernephroma 
or mass lesions contiguous with the inferior vena cava were excluded. 
Angiography demonstrated severe hepatic venous outflow obstruc- 
tion with patency of both portal and inferior vena caval systems. 
Placement of a peritoneovenous shunt four months later resulted in 
prompt resolution of ascites with weight reduction of 14 kg. 

Eight months later malaise and abdominal swelling recurred with 
weight gain of 10 kg. Hematologic studies included a hematocrit of 
47%, platelets of 400,000/cm?, and a prothrombin time of 50%. Liver 
function testing was normal with the exception of a serum albumin 
of 1.8 g/dl. Whole blood volume was normal with a markedly de- 
creased plasma volume and a slightly elevated red blood cell volume. 
Intraperitoneal injection of albumin*"Tc yielded scan visualization 
of the liver, consistent with shunt patency.? Hypague injection of 
the venous shunt tubing demonstrated correct caval positioning of 
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the catheter tip, but complete SVC obstruction with nonvisualization 
of the right atrium (Fig. 1). Pressure measurements (Fig. 2) demon- 
strated a right internal jugular vein to right atrial gradient of 9 cm 
H,O and a portacaval gradient of 25 cm H,O. Hepatic vein injection 
documented pruning and early cutoff of intrahepatic venous radicles 
(Fig. 3). Both supra and infra hepatic portions of the vena cava, 
as well as the portal vein, were patent (Fig. 4). 

Laparotomy was performed in the hopes of fashioning a side-to- 
side portacaval shunt but a large caudate lobe precluded partacaval 
apposition. A side-to-end portarenal shunt was created. The post- 
shunt portacaval pressure gradient was 8 cm H,O. Postoperatively, 
the patient reaccumulated much of the ascities. Repeat angiography 
five days following operation demonstrated shunt patency with a 
portacaval gradient of 12 cm H0O. Intercurrent episodes of Klebsiella 
sepsis and pneumonia led to transient impairment of both hepatic 
and renal function. Despite intensive supporting measures, ir- 
reversible liver failure and hepatorenal syndrome ensued causing 
the patient's death. Necropsy demonstrated a patent portarenal 
anastomosis, left lower lobe pneumonia, and 2.500 ml of sterile 
intraperitoneal ascitic fluid. 


Discussion 


The presence of any chronically implanted foreign 
body within the venous system creates a potentially 
thrombogenic situation. Catheter-induced intimal in- 
jury and impedance of normal flow may induce spon- 
taneous venous thrombosis. Major intrathoracic 
venous thrombosis has occurred with prolonged 
superior vena caval catheterization for parenteral 
feeding. Norlund repeated a 4.7% incidence in 172 pa- 
tients undergoing chronic superior vena caval cathe- 
terization via peripherally-placed and centrally-di- 
rected catheters.*!' Conversely, percutaneous central 
placement of venous catheters is less often associated 
with thrombotic complications, and appears to be the 
preferred method of catheter placement.' 

Numerous reports have noted thromboembolic com- 
plications of the Spitz-Holter or Pudenz-Heyer ventric- 
uloatrial shunt. Nugent et al. reported a 42% incidence 
of unrecognized thromboembolic lesions in 11 of 26 
children studied with angiocardiography, including two 
cases of superior vena caval obstruction and two cases 
of thrombus formation within the right atrium.'? Emery 
and Hilton, in a necropsy series, described significant 


0003-4932/79/1200/0758 $00.65 © J. B. Lippincott Company 


758 


Vol. 190 e No. 6 LEVEEN SHUNTS AND SVC OBSTE JCTION 759 


superior As 
vena cava 


I5 cm HO 


right atrium 
6cm H20 





portal vein (WHVP) 
65 cm H20 


Z NS 
nero A C 


vena cava 40 cm H,O 


Portacaval gradient 25 cm HoO 
Cavacaval gradient 25 cm H20 








FiG. 2. Porizcaval and cava caval relationships in reported patient 
with idiopathic Budd-Chiari syndrome. 





paucity of symptoms in the presently reported patient 


Fic. 1. Right internal jugular venous injection demonstrating is bizarre, since venography did not demonstrate ex- 
superior vena caval obstruction with nonvisualization of the right E oo ; : : E 
- Koc tensive pericaval venous collaterals. | 
«x It is surprising that major venous thromboembolic 


pericatheter thrombosis and/or right atrial thrombus in complications have not been described after chronic 
73% of 15 patients.? McNab confirmed the lethal peritonecvenous shunting. The operative details of the 
association of infection and major intrathoracic venous shunt procedure described by LeVeen in 1975 include 
thrombosis among patients with ventriculoatrial transmural catheterization of the internal jugular vein 
shunts.'^ Of 60 patients in his series followed for 
longer than nine months, ten died as a result of septic 
clot formation. Sepsis occurred in the complicated 
ventriculoatrial shunt group with a frequency of 20- 
67%.” Repeatedly negative blood cultures in the 
patient presently reported excluded the existance of a 
septic endophlebitis. 

Stoney et al. reviewed the incidence of venous 
thrombosis following long-term transvenous pacing, 
and reported a 21% incidence of total venous obstruc- 
tion in the innominate-subclavian system in 32 patients 
studied with venography.? Superior vena caval 
obstruction associated with transvenous pacemakers 
occurs much less frequently, but rarely produces 
symptoms of superior vena cava syndrome .??! 

Kamiya, in reviewing 733 cases of superior vena 
caval syndrome, found not a single association with 





i Fic. 3. Hepatic vein injection showing "pruning" and cutoff of 
chronic vena caval catheterization.* The pronounced intrahepatic venous tributaries. 
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Fic. 4. Venous phase mesenteric arteriogram demonstrating 
patency of the portal venous system. 


with ligation of the cephalad portion of the vein.” In 
contrast to transvenous pacemaker placement, where 
distal fixation may prevent a ‘‘whiplash”’ effect of the 
catheter tip, the peritoneovenous catheter tip lies free 
in the superior vena caval lumen and is subject to 
positional changes. Malposition of the catheter tip in 
the superior vena cava was excluded with venography 
in the current case. 

Peritoneovenous shunt occlusion in a patient with 
venographically demonstrated Budd-Chiari syndrome 
raises some interesting speculation. Parker reviewed 
164 patients with symptomatic hepatic veno-occlusive 
disease and documented a specific etiology in 29%." 
Several cases were associated with pregnancy and 
more recently, cyclic hormonal therapy for contracep- 
tion has been implicated as an etiologic factor in 
Budd-Chiari syndrome.*!? Permanent peritoneovenous 
shunting may be relatively contraindicated in this group 
of patients with potentially abnormal clotting mecha- 
nisms. Operative portal decompression, employing a 
side-to-side or hemodynamically equivalent shunt, 
affords a viable alternative to both relieve ascites and 
reduce portal venous hypertension. Excellent pallia- 
tion without deterioration of liver function in patients 
with Budd-Chiari syndrome undergoing portosystemic 
decompression has been reported. Orloff reported 
six patients with Budd-Chiari syndrome treated by 
operative portal decompression, with a six year suf- 
vival rate of 83% and permanent relief of ascites." 
Follow-up liver biopsies in four of his five survivors 
demonstrated absent hepatic venous congestion and 
resolution of parenchymal necrosis. Careful patient 
selection, greater attention to operative detail, and 
operative intervention prior to advanced fibrous 
changes within the liver theoretically has the potential 
to reduce the previously reported shunt mortality 
of 5006.97 
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Management of patients with Budd-Chiari syndrome 
remains controversial. Operative portal decompres- 
sion. in addition to correcting the abnormal portacaval 
pressure relationships, obviates the need to place a 
foreign body within the venous system that may be a 
nidus for major thromboembolic complications such as 
that encountered in our patient. Although effective in 
reduction of ascites, indiscriminate use of peritoneo- 
venous shunts in patients with idiopathic Budd-Chiari 
syndrome should be discouraged. Prospective studies 
comparing the effects of such shunts to operative portal 
decompression on hepatic pathophysiology and patient 
survival must be performed in order to provide a more 
rational basis for treating these patients. 
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Influence of Age on the Endocrine—Metabolic 


Response to Surgery 


M. BLICHERT-TOFT, M.D.,* VINNI CHRISTENSEN, M.D., T A. ENGQUIST, M.D., t F. FOG-MOLLER, M.D.,§ 
H. KEHLET, M.D.,' S. NISTRUP MADSEN, M.D., L. SKOVSTED, .Sc.{ J. THODE, M.D.,* K. OLGAARD, M.D.# 


The pathogenesis of the increased operative risk in elderly 
patients is unknown. From a theoretical point of view, a change 
in endocrine- metabolic response might be involved. In the 
present study, a battery of hormonal and metabolic variables 
were measured in eight young and eight elderly healthy males 
undergoing elective inguinal hernial repair under general 
anesthesia. Blood was drawn before induction of anesthesia, 
at skin incision, and one, two, and six hours after skin incision. 
The findings were: 1) Plasma cortisol increase was significantly 
higher in elderly than in young controls. 2) Plasma renin level 
was lower in old age, but renin-aldosterone and electrolyte 
response patterns were alike in the two groups. 3) Thyroid 
parameters, in terms of serum T,, serum T;, serum rT;, and 
T;-resin uptake, responded normally to surgery and showed 
no age-related differences. 4) The hyperglycemic response 
was not significantly influenced by age indicating unchanged 
glycoregulatory mechanisms also verified by determinations of 
plasma catecholamines, cAMP, and insulin. 5) Blood lympho- 
cyte count was constantly lower in elderly than in young and 
decreased with time, but the age-related difference was not 
significant. 6) Blood polymorphonuclear leukocytes showed an 
increase of the same magnitude in both age groups, although 
at a significantly slower rate in the elderly. It is concluded 
that age affects some aspects of the initial endocrine- metabolic 
response to surgery. 


IGH MORBIDITY and mortality are found in surgical 
treatment of elderly patients."? Although it is 
fully realized that degenerative diseases commonly 
associated with advancing age may influence the 
operative risk, a causal relationship between age and 
operative risk remains to be defined. From a theoretical 
point of view, the pathogenesis of the increased opera- 
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tive risk in old age may involve changes in endocrine — 
metabolic response to surgery. 

Since existing data on this subject are limited, the 
purpose of the present study was to search for age- 
related differences in the stress response to surgery. 


Materials and Methods 


Eight ycung males, aged 20—30 years, and eight 
elderly ma es, aged 70—75 years, were scheduled for 
elective inguinal hernial repair. The patients were 
otherwise healthy with normal cardiac, renal, and 
hepatic functions. None presented with signs of endo- 
crine discrders and none were receiving any medi- 
cation. The weight did not deviate from ideal weight 
+10% (Documenta Geigy). In the elderly group, also 
mental anc physical capabilities were preserved. In- 
formed ccnsent was obtained. 

The operations started in the morning between 8:00 
and 10:00. After premedication with diazepam 0.15 
mg/kg body weight intramuscularly, anesthesia was 
induced intravenously with a solution containing de- 
hydrobenz»eridol 7.5 mg, fentanyl 0.15 mg, and 
pancuronitm bromide 6 mg, followed by thiopental 
150 mg. After endotracheal intubation anesthesia was 
maintained with a 1:2 oxygen/nitrous-oxide mixture. 
Fentanyl and pancuronium bromide were given when 
necessary and pulmonary ventilation was controlled 
manually in a circle system. 

Each patient received 10 ml/kg/hour of 0.9% saline 
during the first two hours and 1 ml/kg/hour during the 
following four hours. Blood and blood substitutes were 
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not given. Bleeding during the operation was negligible, 
less than 100 ml. The operative periods were com- 
parable in the two groups. In young the mean operation 
time was 56 min, range 40-75 min, and in elderly 56 
min, 30-75 min, respectively. The surgical procedure 
was similar in young and elderly patients. 

The following parameters were measured in blood: 
Cortisol, renin, aldosterone, thyroxine (T,), tri- 
iodothyronine (T;), reverse triiodothyronine (rT), 
T;-resin uptake, catecholamines, cyclic adenosine 
3',5'-monophosphate (cAMP), glucose, insulin, 
leucocytes including subpopulations, sodium, and 
potassium. Blood was drawn before induction of anes- 
thesia, just before skin incision (0), and one, two, and 
six hours after skin incision. 

Laboratory methods and 9546 reference range. 
Plasma cortisol (240—830 nmol/l) was measured by a 
competitive protein binding technique.!* For plasma 
renin (0.4—0.9 ng/ml/hour) and plasma aldosterone 
(98—602 pmol/l) radioimmunoassays were used as 
described previously. Serum T, (56-129 nmol/l) 
was determined by a modification of the Murphy 
method,'* serum T, (1.6—2.8 nmol/l), and serum rT; 
(0.27—0.71 nmol/l) by radioimmunoassays.'? T3-resin 
uptake (0.8—1.25) was measured by a modification of 
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the method described by Hansen.'? Plasma epinephrine 
(0.06—0.12 ng/ml) and plasma norepinephrine (0.19— 
0.53 ng/ml) were measured by an enzymatic double- 
labelled isotope technique.’ A competitive protein 
binding technique was used for determination of plasma 
cAMP (13.3-32.1 pmol/ml).'5 For plasma insulin 
(0.03-0.15 pmol/ml) determination a radioimmuno- 
assay was employed," and for plasma glucose a 
routine glucose oxidase method. Total blood leukocyte 
count including subpopulations as well as serum 
sodium and potassium were determined by routine 
autoanalyser. 

Analysis of variance was used for statistical evalu- 
ation; p < 0.05 was considered significant. 


Results 
Cortisol ( Fig. 1) 


Plasma cortisol levels showed a significant rise. In 
the elderly, plasma cortisol concentrations increased 
progressively from a basal mean level of 318 nmol/l to 
a peak mean level of 977 nmol/l, whereas in young sub- 
jects a minor rise was seen from 420 nmol/l to 590 
nmol/l. The cortisol response in elderly differed sig- 
nificantly from that in young. 


Fic. 1. Plasma cortisol re- 
sponse to surgery in eight 
young (solid line) and eight 
elderly (broken line) sub- 
jects. Mean values and 
SEM are given. 


6 
Hours after skin incision 
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Renin (Fig. 2) 


Plasma renin levels changed insignificantly with time 
in both age groups. In the young group, an initial rise 
from mean 1.1 ng/ml/hour to mean 1.5 ng/ml/hour took 
place. In the elderly, the mean level varied only slightly 
from 0.3 to 0.4 ng/ml/hour. Plasma renin values in 
elderly were significantly lower than those in young. 


Aldosterone ( Fig. 3) 


Plasma aldosterone concentrations changed sig- 
nificantly with time. In both groups an early transitory 
rise was seen, in young from a basal mean level of 256 
pmol/l to a peak mean level of 573 pmol/l and in elderly 
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FiG. 3. Plasma aldosterone 

response to surgery in eight 500 
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from 188 5mol/l to 359 pmol/l, respectively. Preopera- 
tive levels were reattained at six hours. There was no 
significan: difference in response pattern between age 
groups. 


Thyroxine ( Fig. 4) 


Serum T, levels did not change significantly with 
time. Values were within reference range and no sig- 
nificant d fference between age groups was found. 


Triiodoth»ronine ( Fig. 5) 


A prompt and highly significant fall in serum T, 
values was seen, in young subjects from a basal mean 
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Fic. 4. Response patterns 
of thyroxine parameters to 
surgery in eight young 
(solid line) and eight elderly 
(broken line) subjects. Mean 
values and SEM are given. 
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level of 1.89 nmol/l to 1.50 nmol/l at skin incision and 
in elderly from a basal mean level of 2.01 nmol/l to 1.50 
nmol/l at two hours. No age-related difference in re- 
sponse was found. 
Reverse Triiodothyronine (Fig. 6) 

A slight albeit significant rise with time was ob- 
served. Age-related difference was not in evidence. 
T;-resin Uptake (Fig. 7) 


A highly significant decrease in the binding of thyroid 
hormones to plasma proteins, as expressed by a rise 
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in T;-resin uptake, was already demonstrable at skin 
incision in both age groups. In the elderly, the changes 
were less pronounced. However, no age-related dif- 
ference in response was seen, although the difference 
was close to the level of significance. 


Catecholamines ( Fig. 8) 


Plasma catecholamines increased significantly with 
time. In young subjects, epinephrine rose from a basal 
mean level of 0.23 ng/ml to a peak mean level of 0.83 
ng/ml at one hour. In the elderly, the respective values 
varied from 0.16 ng/ml to 0.46 ng/ml. Norepinephrine 


Fic. 5. Response patterns 
of triiodothyronine param- 
eters to surgery in eight 
young (solid line) and eight 
elderly (broken line) sub- 
jects. Mean values and 
SEM are given. 
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FıG. 6. Response patterns 

of reverse triiodothyronine 0.75 
parameters to surgery in 

eight young (solid line) and 

eight elderly (broken line) 050 
subjects. Mean values and 
SEM are given. 
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increased in young subjects from a basal mean value 
of 0.54 ng/ml to a peak mean value of 0.70 ng/ml at 
one hour and in elderly from 0.52 ng/ml to 0.97 ng/ml, 
respectively. Differences between age groups were 
insignificant. 


Cyclic AMP (Fig. 9) 


A significant rise in cAMP was found. In both age 
groups, the values changed from a basal mean level of 
15 pmol/ml to a peak mean level of 24 pmol/ml at one 
hour. Thereafter concentrations decreased to control 
levels at six hours. There was no significant age-related 
difference in response pattern. 
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Fic. 7. Response patterns 
of T,-resin uptake param- 
eters to surgery in eight 
young (solid line) and eight 
elderly (broken line) sub- 
jects. Mean values and 
SEM are given. 
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Glucose (Fig. 10) 


Plasma glucose concentrations rose significantly, 
in young subjects from a basal mean level of 5.3 mmol/l 
to a peak mean level of 7.5 mmol/l at one hour, and in 
the elderly from a basal mean level of 5.3 mmol/l to a 
peak meaa level of 7.9 mmol/l at two hours. Thereafter, 
a gradual "all took place. The concentrations did not 
differ significantly between age groups. 


Insulin ( Fe. 11) 


Plasma :nsulin varied significantly with time. Base- 
line mean values were similar in the two groups, in 
young 0.08 pmol/ml and in elderly 0.07 pmol/ml. During 
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FiG. 8. Plasma epinephrine 
and plasma norepinephrine 
responses to surgery in 
eight young (solid lines) 

NOREPINEPHRINE and eight elderly (broken 

ng /ml plasma lines) subjects. Mean values 
and SEM are given. 

1.0 

0.8 

0.6 

0.4 

0.2 





Hours after skin incision 


induction of anesthesia, plasma insulin concentrations Leukocytes (Figs. 12—14) 
showed a modest fall. After skin incision, levels rose 


promptly reaching a peak mean value of 0.15 pmol/ml in Following surgery, total blood leukocyte count 
young and 0.13 pmol/ml in elderly subjects at two hours showed a highly significant increase. In young the 
followed by a gradual decline to basal level at six hours. values changed from a basal mean count of 5.1 x 109/1 


The alterations showed the same pattern in both groups to a peak mean count of 10.3 x 10?/l at six hours and 
but were significantly less pronounced in the elderly. in the elderly from 5.1 x 109/1 to 10.2 x 109/1, respec- 
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Fic. 9. Plasma cAMP re- 
sponses to surgery in eight 
young (solid line) and eight 
elderly (broken line) sub- 
jects. Mean values and 
SEM are given. 


tively. The rise was due to an increase in polymorpho- 
nuclear leukocytes, in young from 3.2 x 10?/1 to 8.0 
X 10?/] and in elderly from 3.4 x10?/1 to 8.8 x 10?/l. 
The rise of white cell counts appeared significantly 


FiG. 10. Plasma glucose 
responses to surgery in 
eight young (solid line) and 
eight elderly (broken line) 
subjects. Mean values and 
SEM are given. 
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slower in e derly than in young subjects. The lympho- 
cyte count varied also significantly, in young from 
1.54 x 10*/ to 1.73 x 10?/] and in elderly from 1.40 
x 10?/1to 1 09 x 10?/1at 6 hours. Although the lympho- 
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cyte count was constantly lower in elderly than in 
young and decreased with time, no age-related dif- 
ference in response could be demonstrated. However, 
the p value was close to the level of significance. 


Sodium and Potassium 


Serum electrolyte levels were normal and remained 
fairly constant throughout the trial. 

In young subjects, mean sodium levels varied in- 
significantly from 141 + 0.7 (SEM) mmol/l to 142 
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Fic. 11. Insulin responses 
to surgery in eight young 
(solid line) and eight elderly 
(broken line) subjects. Mean 
values and SEM are given. 
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Hours after skin incision 


+ 0.6 mmol/l and in elderly from 141 + 1.1 mmol/l to 
142 + 0.8 mmol/l. The differences between age groups 
were not significant. As for potassium, a slight but 
significant decrease was observed during induction of 
anesthesia. In young subjects from a basal mean level 
of 4.1 + 0.06 (SEM) mmol/l to 3.8 + 0.08 mmol/l and 
in elderly from 4.1 + 0.1 mmol/l to 3.9 + 0.07 mmol/l. 
respectively. After skin incision, the results did not 
deviate from basal levels. No significant age-related 
differences were found. 


Fic. 12. Total leukocyte 
counts during and after 
surgery in eight young 
(solid line) and eight elderly 
(broken line) subjects. Mean 
values and SEM are given. 
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Fic. 13. Total polymor- 
phonuclear leukocyte counts 
during and after surgery in 
eight young (solid line) and 
eight elderly (broken line) 
subjects. Mean values and 
SEM are given. 


This study represents a descriptive analysis of the 
influence of age on the response pattern of certain 
hormonal and metabolic variables during surgical 
stress. The individuals entering the trial were all 
selected on strict clinical criteria in order to ensure 
uniformity of the groups included. Thus the essential 
difference between groups was the difference in experi- 
ence of years. Efforts were also made to assure 
comparable trauma in the two age groups subjected 


to surgery. 


Fic. 14. Total lymphocyte 
counts during and after 
surgery in eight young 
(solid line) and eight elderly 
(broken line) subjects. Mean 
values and SEM are given. 
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Discussion Concerring cortisol response, the rise in plasma 


concentrations was significantly more pronounced 
in the aged compared with that in young subjects in 
agreement with previous studies.” The underlying 
mechanism of this age effect is not known. Increased 
ACTH response to surgery in old age has not been 
found.* Smilarly, no age-related change in plasma 
cortisol response to exogenous ACTH has been 
proved.? More likely, the finding might be explained 
by decreased cortisol disposal rate with advancing 
age rather than difference in cortisol excess.?? This 
hypothesis is strongly supported by the age-related 
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decrease in urinary excretion of corticosteroid me- 
tabolites.? 

Existing data on age effect on plasma renin activity 
are conflicting. In agreement with others! we found 
a lowered plasma renin activity in the elderly, but this 
decline with age has not been generally approved.'? 
In neither age group did surgery influence plasma renin 
level, probably because of the relatively small degree of 
trauma, in accordance with previous studies. 

Irrespective of age, surgery elicited an early transi- 
tory increase of plasma aldosterone level. Most likely, 
this response is mediated by ACTH or neurogenic 
stimuli, since plasma renin activity and electrolytes 
were unchanged. The aldosterone response pattern 
observed in this study is in complete accordance with 
the response pattern to be expected in saline-treated 
surgical patients.** 

The response pattern of thyroid parameters did not 
differ between young and elderly subjects. The changes 
observed were in accordance with earlier investigations.” 

The hyperglycemic response to surgery was un- 
affected by age indicating unaltered glycoregulatory 
mechanisms in elderly subjects. This assumption is 
consistent with almost similar response patterns of 
catecholamines, cAMP, and insulin in the two age 
groups. The finding of nearly identical changes in 
CAMP in the two groups might suggest an increased 
beta-adrenergic sensitivity to epinephrine in muscle 
in old age considering the lower epinephrine values in 
the elderly subjects.'? However, the number of obser- 
vations are too small to allow any definite conclusion. 

In both groups, surgery elicited a pronounced rise 
of the same magnitude in total blood leucocyte count 
due to an increment in polymorphonuclear leukocytes. 
The lymphocyte count increased only slightly in young 
subjects, whereas in the elderly a fall was recorded. 
Furthermore, lymphocyte count was constantly lower 
in elderly than in young subjects. This finding may 
indicate a higher immunosuppressive effect of surgical 
stress in old age, since postoperative decrease in 
peripheral blood lymphocyte count is correlated with 
impaired lymphocyte response to bacterial antigens. !^ 
Our finding of a higher cortisol response in the elderly 
may be a pathogenetic factor.? 

In conclusion, age affects some aspects of the initial 


endocrine - metabolic response to surgery. Of particu- 


lar interest were the findings of increased plasma 
cortisol response and lower blood lymphocyte counts 
in elderly subjects. However, further studies are 
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needed to evaluate the impact of these observations 
on operative risk. 
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With 18 Contributors. 


Outstanding vascular surgeons from all sec- 
tions of the country have pooled their com- 
posite experience and knowledge for this 
in-depth work. Each has written on a specific 
vascular complication and gives you the bene- 
fit of his expertise in this area. Three objec- 
tives are always in view: 1) To help you 
prevent complications where the causes are 
known and can be anticipated. 2) To provide 
you with a clear guide to the management of 
complications. 3) To establish a foundation of 
information from which you can deal logically 
and effectively with problems not described. 
This work reaps the benefit of significant ap- 
praisals of long-term follow-up studies that 
became possible during the last ten years. 
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SECOND EDITION 
báj 


illustrated Preoperative 


and Postoperative Care 


By Philip Thorek, M.D., F.A.C.S., F.I.C.S 
Illustrated by Carl Linden 


Relving on the use of original illustrations cou- 
pled with succinct, on-target text, this second 
edition of Illustrated Preoperative and Postopera- 
tive Care is a masterful exposition of Dr. Thorek’s 
rich personal experience. 

Practicalitv is the theme as Dr. Thorek covers 
evaluaticn of the surgical patient, the immediate 
post-op period, the recovery room, use of fluid 
and electrolytes, chemotherapy, and surgical 
complications. The chapter on surgical pharma- 
cology, new to this edition, includes the concepts 
of alpha and beta stimulators and blockers as 
they pertain to the therapeutic value of various 
drugs. 

The beautiful illustrations support the text ad- 
mirably, and in many cases are fully explanatory 
in themselves. 


< 


. a useful reference source for neophyte or 

experienced surgeon alike” —Military Medicine 
. invaluable to any student, surgeon, resident, 

intern or clerk, who ever intends to do surgery 

of any type. —International Surgery. 

147 Pages * 79 Illus. * 2nd Edition, 1973 

$12.00 
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oxycodone with APC (iy 


Tablets 


PERCODAN-Demi 


oxycodone with APC (X 


Brief Summary of Prescribing Information 


INDICATIONS For the relief of moderate to moderately severe pain 


CONTRAINDICATIONS Hypersensitivity to oxycodone. aspirin. phenacetin or 
caffeine 


WARNINGS Drug Dependence Oxycodone can produce drug dependence of 
the morphine type and. therefore. has the potential for being abused 
Psychic dependence. physical dependence and tolerance may develop 
upon repeated administration of PERCODAN" and PERCODAN * -Demi. and 
it should be prescribed and administered with the same degree of caution 
appropriate to the use of other oral narcotic-containing medications Like 
other narcotic-contaming medications. PERCODAN* and PERCODAN* 

Demi are subject to the Federal Controlled Substances Act 


Usage in ambulatory patients Oxycodone may impair the mental and or 
physical abilities required for the performance of potentially hazardous 
tasks such as driving a car or operating machinery The patient using 
PERCODAN® and PERCODAN*-Demi should be cautioned accordingly 


Interaction with other central nervous system depressants Patients 
receiving other narcotic analgesics. general anesthetics. phenothiazines 
other tranquilizers, sedative-hypnotics or other CNS depressants (includ 
ing alcohol) concomitantly with PERCODAN* and PERCODAN " -Demi may 
exhibit an additive CNS depression When such combined therapy is con 
templated. the dose of one or both agents should be reduced 

Usage in pregnancy Safe use in pregnancy has not been established rela- 
tive to possible adverse effects on fetal development Therefore 
PERCODAN™ and PERCODAN*-Dem: should not be used in pregnant 
women unless. in the judgment of the physician. the potential benefits 
outweigh the possible hazards 


Usage in children PERCODAN* should not be administered to children 
PERCODAN"* -Demi. containing half the amount of oxycodone. can be con 
sidered 


Salicylates should be used with caution in the presence of peptic ulcer or 
coagulation abnormalities 


PRECAUTIONS Head injury and increased intracranial pressure The res- 
piratory depressant effects of narcotics and their capacity to elevate 
cerebrospinal fluid pressure may be markedly exaggerated in the presence 
of head injury. other intracranial lesions or a pre-existing increase in 
intracranial pressure Furthermore, narcotics produce adverse reactions 
which may obscure the clinical course of patients with head injuries 
Acute abdominal conditions The administration of PERCODAN* and 
PERCODAN * -Demi or other narcotics may obscure the diagnosis or clini 
cal course in patients with acute abdominal conditions 


Special risk patients PERCODAN* and PERCODAN*-Demi should be 
given with caution to certain patients such as the elderly or debilitated, 
and those with severe impaiement of hepatic or renal function, hypothy- 
roidism, Addison s disease. and prostatic hypertrophy or urethral stricture 
Phenacetin has been reported to damage the kidneys when taken in 
excessive amounts for a long time 


ADVERSE REACTIONS The most frequently observed adverse reactions 
include light-headedness. dizziness, sedation. nausea and vomiting 
These effects seem to be more prominent in ambulatory than in nonambu 
latory patients, and some of these adverse reactions may be alleviated if 
the patient lies down 

Other adverse reactions include euphoria. dysphoria, constipation and 
pruritus 

DOSAGE AND ADMINISTRATION Dosage should be adjusted according to 
the severity of the pain and the response of the patient. It may occasion- 
ally be necessary to exceed the usual dosage recommended below in 
cases of more severe pain or in those patients who have become tolerant 
to the analgesic effect of narcotics. PERCODAN* and PERCODAN*-Dem: 
are given orally 

PERCODAN" The usual adult dose is one tablet every 6 hours as needed 
for pain 

PERCODAN* -Demi Adults — One or two tablets every six hours. Children 
12 years and older—One-half tablet every six hours. Children 6 to 12 
years — Üne-quarter tablet every six hours. PERCODAN* -Demi is not 
indicated for children under 6 years of age 


DRUG, INTERACTIONS The CNS depressant effects of PERCODAN" and 
PERCODAN*-Dem: may be additive with that of other CNS depressants 
See WARNINGS 


Aspirin may enhance the effect of anticoagulants and inhibit the urico- 
suric effect of uricosuric agents 
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AND GENTAMICIN 
ORTOBRAMYCIN: 


© EFFECTIVE CONCOMITANT THERAPY 
FOR SERIOUS INFECTIONS 


TICAR® when used with an appropriate aminoglyco- 
side, provides these additional advantages: 


BROADER ANTIBACTERIAL COVERAGE jn vitro, 


when combined, than each antibiotic has alone. 
This enlarged spectrum includes such aerobes and 
anaerobes as: Pseudomonas aeruginosa, Escher- 
ichia coli, Klebsiella spp.. Staphylococcus aureus, 
and Bacteroides spp. (B. fragilis). 


PROVEN /N VITRO SYNERGISM that reduces the 
MIC's («Minimum Inhibitory Concentrations) of 
these antibiotics for P aeruginosa* 


Note: /n vitro susceptibility should not be translated into clinical 
efficacy. 


* TICAR is proven '...effective regardless of the 
patient's neutrophil count: 


« Wide margin of safety common to the penicillin. 
Note: A history of penicillin allergy is a contraindication. 


* No nephrotoxicity or ototoxicity reported to date* 


. 41% lower daily sodium load at recommended 
dosages, when compared to carbenicillin for treat 
severe systemic Pseudomonas infections* 


* zata on file. Medical Department, Beecham Laboratories. 

1. Sodey GP. et al: Management of bacterial infections in cancer patients. 
Feprinted with permission from: Proceedings of the Sth international Con- 
cress of Chemotherapy. London. 1975, 1. Clinical Aspects of infections. 
Zwallable on request. i 
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TICAR 


(Sterile Ticarcillin Disodium) 


for Intramuscular or Intravenous Use 
For complete prescribing information, consult official package insert. 


ACTIONS: Ticarcillin is bactericidal; it is not absorbed orally, there- 
fore, it must be administered intravenously or intramuscularly. 


INDICATIONS: TICAR (Ticarcillin Disodium) is indicated for the 
treatment of the following infections: 
Bacterial septicemiaT 
Skin and soft-tissue infectionst l 
Acute and chronic respiratory tract infections tt , 
aused by susceptible strains of Pseudomonas aeruginosa, 
roteus species (both indole-positive and indole-negative) 
and Escherichia coli. 
$ (Though clinical improvement has been shown, bacterio- 
logical Cures Cannot be expected in patients with chronic 
respiratory disease or cystic fibrosis.) 
Genitourinary tract infections (complicated and uncomplicated) 
due to susceptible strains of Pseudomonas aeruginosa, Pro- 
teus species (both indole-positive and indole-negative), 
Escherichia coli, Enterobacter and Streptococcus faecalis 
(enterococcus), 

Ticarcillin is also indicated in the treatment of the following 

infections due to susceptible anaerobic bacteria: 

(1) Bacterial septicemia 

(2) Lower respiratory tract infections such as empyema, anaerobic 
pneumonitis and lung abscess 

(3) Intra-abdominal infections such as peritonitis and intra-abdomi- 
nal abscess (typically resulting from anaerobic organisms resi- 
dent in the normal gastrointestinal tract). 

(4) Infections of the female pelvis and genital tract such as endo- 
metritis, pelvic inflammatory disease, pelvic abscess and 
salpingitis. 

(5) Skin and soft-tissue infections. l 
Although Ticarcillin is primarily indicated against Gram-negative 

infections, its in vitro activity against Gram-positive organisms 

should be considered in treating infections caused by both Gram- 
negative and Gram-positive organisms. 

ased on the in vitro synergism between Ticarcillin and genta- 
micin sulfate or tobramycin sulfate against certain strains of 

Pseudomonas aeruginosa, combined therapy has been successful, 

using full therapeutic dosages. 

Culturing and susceptibility testing should be performed initially 
and during treatment. 


CONTRAINDICATIONS: A history of allergic reaction to any of the 
penicillins is a contraindication. 


WARNINGS: ang ce may occur, especially in patients with an 
allergic diathesis. Check for a history of allergy to penicillins, 
cephalosporins or other allergens. If an allergic reaction occurs, the 
drug should be discontinued unless, in the opinion of the physician, 
the condition being treated is life-threatening and amenable only to 
Ticarcillin therapy. Serious anaphylactic reactions require immediate 
emergency treatment with epinephrine, oxygen, intravenous steroids 
and airway management. 

Some patients receiving high doses of Ticarcillin may develop 
hemorrhagic manifestations associated with abnormalities of coagu- 
lation tests. Patients with renal impairment, in whom excretion of 
Ticarcillin is delayed, should be observed for bleeding manifesta- 
tions. Such patients should be dosed strictly according to recom- 
mendations. If bleeding manifestations appear, Ticarcillin treatment 
EN discontinued and, if necessary, appropriate therapy in- 
Stituted. 


PRECAUTIONS: During prolonged treatment, periodic checking for 
organ system dysfunction (renal, hepatic and hematopoietic) is 
advisable. If overgrowth of resistant organisms occurs, the appro- 
priate therapy should be initiated. 

Since the theoretical sodium content is 5.2 milliequivalents (120 


CHAIRPERSON 


DIVISION OF SURGERY 


Albert Einstein Medical Center, Northern 
Division, Philadelphia, Pennsylvania, affili- 
ated with Temple University School of 
Medicine is searching for a full time sur- 
geon to lead the Department of Surgery. 
The Chairperson will have appropriate 
academic rank at the Medical School. 


This key medical position requires an out- 
Standing clinician who can provide lead- 
ership and vision to a large group of staff 
physicians and housestaff. The emphasis 


is upon the creation of an environment 
which will prompt physicians’ profes- 
sional growth and produces an outstand- 
ing medical education program. 


The Northern Division is a 600 bed acute 
general hospital which has on its North 
Philadelphia campus a major research 
facility, an extended care facility and a 
major rehabilitation hospital . 


Please submit your curriculum vitae and 
suggested references to the Chairman, 
Search Committee, ALBERT EINSTEIN 
MEDICAL CENTER, Northern Division, 
Old York and Tabor Roads, Philadelphia, 
Pa. 19141. Inquiries will be held in strict- 
est confidence. 


Equal Opportunity Employer 





HEAD OF THE 


DEPARTMENT OF SURGERY 


mg) per gram of Ticarcillin, electrolyte and cardiac status should 
be monitored carefully. 

In a few patients receiving intravenous Ticarcillin, hypokalemia 
has been reported. Serum potassium should be measured 
periodically. 


USAGE DURING PREGNANCY: Reproduction studies have been 
performed in mice and rats and have revealed no evidence of 
impaired fertility or harm to the fetus due to Ticarcillin. There are 
no well-controlled studies in pregnant women, but investigational 


The Faculty of Medicine of the University of British 
Columbia is seeking a Head for the Department of 
surgery. The appointee will be responsible for the 
medical undergraduate and graduate education in 
the department and for its researcn programs. The 


| women, appointee will also serve as Head of the 
mee does not include Y: positive evidence of adverse D f 
effects on the fetus. Although there is no clearly defined risk, epartment of Surgery at the Vancouver General 


such experience cannot exclude the possibility of infrequent or Hospital and will have administrative responsi- 


subtle damage to the fetus. Ticarcillin should be used in pregnant en. à | eet 
women only when clearly needed. bilities in the operation of this affiliated teaching 


ADVERSE REACTIONS: The following adverse reactions may 
occur: skin rashes, pruritus, urticaria, drug fever, nausea, vomiting, 
anemia, UNrombocytopenia, leukopenia, neutropenia, eosinophilia. 
SGOT and SGPT elevations have been reported. Patients, especially 
those with impaired renal function, " experience convulsions or 
neuromuscular excitability when very high doses of the drug are 
administered. 

Local reactions at the site of injection have been reported. 
Vein irritation and phlebitis can occur, particularly when undiluted 
Solution is directly injected into the vein. 


DOSAGE AND ADMINISTRATION: Usual adult recommended dos- 
age in bacterial septicemia, respiratory tract infections, skin and 
soft-tissue infections, intra-abdominal infections and infections of 
the female pelvis and genital tract, is 3 grams by intravenous in- 
fusion every 3, 4 or 6 hours depending on weight and severity of 
infection; in uncomplicated urinary tract infections, 1 gram I.M. or 
direct |. V. q.i.d.; in complicated urinary tract infections, 3 grams q.i.d. 
by I.V. infusion. 


hospital. A candidate should hold specialty 
qualification in Surgery and have substantial 
academic and service experience. Starting date 
and salary subject to negotiation. Applications, 
accompanied by a detailed curriculum vitae and 
the names of two individuals for references, 
should be directed to: 


Dr. W. A. Webber, Dean 


PI It off k for details on d Faculty of Medicine 
ease consult official package insert for details on dosages for i : ades 
atients with renal insufficiency, children, neonates and directions University of British Columbia 


or use. Vancouver, B.C. V6T 1W5, Canada 


Supplied: 
1 Gm, 3 Gm and 6 Gm Standard Vials 
3 Gm and 6 Gm Piggyback Bottles 
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Hill 
OUTPATIENT SURGERY 
2nd Edition 


A guide tothe management of surgical problems in the outpatient, 


this book covers the entire field of surgery and its related 
specialties. Diagnostic and therapeutic considerations outlined 
for conditions requiring longer per:ods of hospitalization and 
major surgery provide helpful background information. Tech- 
niques for scores of minor surgical procedures are described and 
illustrated in detail. And, alternate approaches are sometimes 
indicated when the same condition is treated by two physicians 
in separate specialties. 

By George J. Hil, H, MD, Prof. and Chairman, Dept of Surgery. 
Marshall Univ. School of Medicine, Huntington, West Virginia. 

1457 pp. 633 ill. $49.50. Ready soon. Order #4676-X. 


Spinner 


Y- INJURIES TO THE MAJOR BRANCHES OF THE 


PERIPHERAL NERVES OF THE FOREARM, 

2nd Edition 

An outstanding new edition, this book provides first-rate coverage 
of: J. Tinel's "Fourmillement" Paper, development of modern 
techniques of nerve repair, current concepts of the management 
of nerve compression lesions, factors affecting return of function 
following nerve injury, electrodiagnostic procedures as applied 
to neural lesions of the forearm and hand, internervous planes 
of the forearm, the radial nerve, and median nerve. 

By Morton Spinner, MD, Clinical Prot. of Orthopaedic Surgery. Albert 
Einstein College of Medicine, New York; Chief of the Hand Surgical 
Service, Dept. of Orthopaedic Surgery. Brookdale Hospital Medical 
Center, Brooklyn, NY. 278 pp., 142 ilL. (1 in color). $25.00. Oct. 1978. 
Order #8524-2. 


SURGICAL CLINICS 


First hand reports on new developments in surgery... strictly 
practice-applicable information... in-depth, up-to-the-minute 
coverage...fresh perspectives... references to recent literature 
...and better yet, a year s subscription to the Surgical Clinics of 
North America costs less than a year s subscription to your daily 
newspaper! 1980 symposia include: 

Feb. To be announced 

April Surgical Infections 

June Surgical Techniques 

Aug. Nor-cardiac Thoracic Surgery 

Oct, Adjuvant Cancer Therapy 

Dec. Urology for the General Surgeon 


Published bi-monthly Hardbound. Hlustd. Each issue averages 
275 pages. Yearly subscription $30.90 (Single copies $10.50). 
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Conley 


COMPLICATIONS OF HEAD 
AND NECK SURGERY 


Dr. John Conley and 12 other prominent surgeons have merged 
their expertise to produce this comprehensive otolaryngologic 
study. Topics covered include such prevalent problems as 
hemorrhage, infection, thromboembolism, and complications of 
specific head and neck operative procedures. Otolaryngologists 
maxillofacial, plastic, head and neck, and general surgeons will 
"ind this new book especially helpful. 

Edited by John Conley, MD. With 35 contributors. 524 pp. 215 ill. 
335.00. Aug. 1979. Order $2649-1. 


Cooley & Wukasch 
TECHNIQUES IN VASCULAR SURGERY 


“his current summary provides a ready source of information on 
today s vascular surgical techniques. New concepts in the use o 
grafts and graft materials, techniques of anastomosis and the 
ireatment of all types of vascular diseases are a few of the topics 
discussed. Concise text accompanied by clear, to-the-point 
siustrations and pertinent references add to along list of 
waluable features. 

By Denton A, Cooley, MD, Surgeon-in-Chief, Clinical Prof. of Surgery 
“he Texas Heart Institute of St. Luke s Episcopal. Houston, Texas; 
and Don C. Wukasch, MD, Attending Surgeon, Clinical Associate Prof. 
Texas Heart Institute. 282 pp. 1021li. $37.50. Aug. 1979. Order :t2700-£ 
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9 order titles on 30-day approval, enter order number & author: 


i Start my subscription to the Surgical Clinics with the ANS 12/798 


NE issue. 
a _ Only send the issue(s: of the Surgical Clinics. 
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P.O. Box 207. Philadelphia, PA 19105 
1 Goldthorne Avenue. Toronto, Ontario MBZ 5T9, Canada 
ot Anne s Road. Eastbourne, East Sussex BIN21 3UN. England 
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VASCULAR 
LAB PLANS? 


Consider the cost-effective 


VASCULAB, 


e Three areas of diagnosis: Cerebrovascular, Peripheral Arterial, Venous & Three modalities: Bi- 
Directional Doppler, Strain Gauge Plethysmograp, Photoplethysmograph 


ACCURATE 


CEREBROVASCULAR: Doppler and photoplethysmographic assessment of frontal artery 
and/or direct Doppler assessment of carotid arteries detects > 50% stenosis of internal 
carotid artery with up to 95% to 100% accuracy." 


PERIPHERAL VASCULAR: Doppler, photoplethysmographic and strain gauge 
plethysmographic diagnosis of peripheral arterial disease is extremely accurate." 





VENQUS: Doppler, photoplethysmographic and strain gauge plethysmographic detec- 
tion of venous disease is 85-9596 accurate." 


NON-INVASIVE 


All procedures are non-invasive and comfortable for the patient. 


EFFICIENT 


e Maximum diagnostic capability at minimum cost. Less than $7,000 for the 
following components: (1) VERSATONE® Bi-Directional Doppler, Model 
DO (2) VERSATONE Two-Channel Chart Recorder, Model gr 

R12A (3) Strain Gauge Plethysmograph, Model SPG-16 
(4) ProroPurse 9 Photoplethysmograph, Models PA13 and 
PH77 e Procedures are accomplished simply and quickly by 
technicians e Compact, modular units may be taken to 
the patient easily when necessary, 


* » 
For references, reprints, detailed data sheets and other 
information or to set up an appointment for a demonstration, 
call our customer service department using our toll free 
number. 


CALL FREE: 800 227-8076 

IN CALIFORNIA CALL COLLECT (415) 965-3333 

OR JUST WRITE "VASCULAB" ON YOUR 
LETTERHEAD, SIGN YOUR NAME AND MAIL TO... 
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Reversal of Protein -Energy Malnutrition in Children 
During Treatment of Advanced Neoplastic Disease 


KARYL A. RICKARD, R.D., PH.D., JAY L. GROSFELD, M.D., AVANELLE KIRKSEY, PH.D., 
THOMAS V. N. EALLANTINE, M.D., ROBERT L. BAEHNER, M.D. 


The effectiveness of enteral and parenteral feeding in sup- 
porting a satisfactory nutritional status and/or reversing 
protein-energy malnutrition was evaluated in 28 children, 
ages 1-19 (14 female) with advanced malignant disease (21 
solid tumors, 7 leukemia-lymphoma). At the onset of treat- 
ment, 21 patients received intensive nutritional counseling 
(INC) and oral supplementation while seven received total 
parenteral nutrition (TPN). Sixteen of 21 patients who received 
INC had a decreased intake (x 48 + 24%) Recommended 
Dietary Allowances (RDA) for kilocalories and dramatic 
weight loss (x 16.4 + 12.4%). A total of 18 patients received 
TPN for a mean of 24 days (7-60); kcal averaged 90 + 26% 
RDA during weight gain. At onset of TPN, the mean serum 
albumin, transferrin and total lymphocyte counts were 
3.06 + 0.38 g/dl, 175 + 62 mg/dl, and 1102 + 966/mm? 
respectively, 15/18 children had subnormal anthropometric 
measurements and 17/18 patients were anergic to recall skin 
test antigens. TPN for less than 9-14 days neither repleted 
weight, skinfold reserves, nor serum albumin concentrations 
(73.2 g/dl) although an early increase (p —.02) in transferrin 
concentration was observed. However, TPN for 28 days 
supported weight gain (3.27 kg, 16 + 6%), increased serum 
albumin (0.62 + 0.43 g/dl, p — .001) and transferrin (62 
+ 42, p < .002) to normal concentrations and reversed anergy 
in 7/11 patients retested. This study documents the severity 
of protein energy malnutrition which accompanies intense 
treatment of children with cancer and the nutritional and 
immunological benefits of a 28 day course of TPN. 


N THE PAST DECADE a significant improvement in 
I survival has been observed in children with em- 
bryonal neoplasms managed by aggressive utilization 
of multimodal therapy including operative extirpation, 
combination chemotherapy and irradiation. The effects 
of therapy unfortunately are not confined exclusively 
to malignant cell populations alone, but also affect 
normal cells and organ systems. Recently, much at- 
tention has been directed toward the nutritional con- 
sequences of cancer therapy and the role of nutrition. 


a ee 

Reprint requests: Jay L. Grosfeld, M.D.. Surgeon-in-Chief, J. W. 
Riley Hospital for Children, 1100 W. Michigan Street, Indianapolis, 
Indiana 46223. 

Supported in part by fellowships from the American Dietetic 
Association and Indiana Dietetic Association and by a grant from 
Ross Laboratories, Columbus, Ohio. 

Submitted for publication: March 20, 1979. 


F-om the Departments of Pediatric Nutrition and 
Dietetics, Pediatric Surgery, Pediatric 
Hematology-Oncology, James Whitcomb Riley Hospital 
for Children, Indiana University School of Medicine, 
Indianacolis and the Department of Food and Nutrition, 
Purdue University, Lafayette, Indiana 





particularly total parenteral nutrition (TPN) in the 
treatmeat of adult patients with cancer. Compared to 
the adult, children may be at even greater risk for nutri- 
tional depletion since they have a more rapid metabolic 
rate, greater caloric needs for growth and development 
and often receive more aggressive cancer treatment. 
Furthermore, the duration of treatment often continues 
over several years spanning significant periods of a 
child's growth and development. Hence, it is con- 
ceivable that the nutritional status and the well being 
of the child with cancer may be jeopardized for long 
periods of time. 

Cancer patients commonly become anorectic, either 
as a consequence of the therapy or progression of 
disease Decreased food intake concomitant with 
potentially increased nutrient requirements leads to 
malnu-rition which in turn reduces the patient's 
capacity to withstand therapy? and infection*'!? 
and increases the risk of morbidity and mortality. 
Cachexia or severe protein energy malnutrition is a 
commonly observed phenomena in cancer and its 
treatment. 

Attempts to prevent the cachexia of cancer with 
conventional diets have been largely unsuccessful, 
however, many factors other than those directly re- 
lated to the disease process may contribute to inade- 
quate oral food intake. For instance, attitudes and 
misconceptions about food, fear of disease, unfamiliar 
foods. hospital routines which conflict with meals, 
lack cf attention to the specialized nutritional needs 
of the patient, and trauma associated with procedures 
and pein may interfere with eating. Several recent 
reports? ?!! suggest that TPN can replete adult patients 
with cancer, improve tolerance to chemotherapy, 
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TABLE 1. Summary of Clinical Data at Onset of Cancer Treatment and Nutrition Therapy 
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I ——————————0$ 


Tumor 
Type 


Wilms’ 
Tumor 


Neuro- 
blastoma 


Ewing's 
Sarcoma 


Rhabdomyo- 
sarcoma 


Non- 
Hodgkin's 
Lymphoma 


Patient 


24 


23 


Age 


Yrs-Mos 


16-7 


13-4 


Sex 


"n 


ES 


Stage or 
Extent of 
Disease 


I 


II 


II 
Relapse IV 


II 
IV 


IV 
IV 
Relapse IV 


I 
IV 


IV 
Relapse IV 


Relapse IV 
IV 


Metastatic 


Regional 


Relapse 
Metastatic 


III 
Relapse IV 
Relapse IV 


IV 


IV 


IV 


Day of 
Surgery* 


l 


Multimodal Cancer Treatment 


Chemotherapy* 


AMD, ADR, VN 
AMD, VN 


AMD, VN 
AMD, ADR, VN 


AMD, ADR, VN 
AMD, ADR, VN 


AMD, VN 
AMD, VN 
AMD, ADR, VN 


CPM, DTIC, VN 
CPM, DTIC, VN 
CPDD, VM-26 


CPDD, VM-26 
CPM, DTIC, VN 


AMD, ADR, 
BCNU, BLEO, 
CPM, MTX, 
VN 


AMD, ADR, 
BCNU, BLEO, 
CPM, MTX, 
VN 


AMD, ADR, 
BCNU, BLEO, 
CPM, MTX, 
VN 


AMD, CPM, VN 
ADR, DTIC, VN 


AMD, ADR, 
CPM, VN 


ARA-C, ASP, 
BCNU, CPM, 
DUANO, MTX, 
6-TG, VN 


ARA-C, ASP, 
BCNU, CPM, 
DUANO, MTX, 
6-TG, VN 


ARA-C, ASP, 
BCNU, CPM, 
DAUNO, MTX, 
6-TG, VN 


Site of Radiationt 


R. abdomen 
Liver 


Total abdomen 
Liver 


R. abdomen 


L. abdomen 
Whole lungs,' Liver 


L. abdomen 


Total abdomen 
Whole lungs,' Liver 


Total abdomen 
Whole lungs,' Liver 


Total abdomen 
Whole lungs,' Liver 


R. lung, Liver 
Whole lungs 


Anterior chest 
Mediastinum 


Total abdomen 


Pelvis 


Shoulder 


Pelvis 
Shoulder, knee 


Pelvis 


Total abdomen, 
pelvis, cheek 


Mediastinum, 
lymph nodes, 
axilla, neck 





Protocol§ 


NWTS I Regimen D 


NWTS I Regimen C 


NWTS I Regimen C 


NWTS I Regimen D 
NWTS I Regimen D 
NWTS I Regimen D 


NWTS I Regimen C 
NWTS I Regimen C 
NWTS I Regimen D 


CCG-352 
CCG-352 
CCG-372 


CCG-372 
CCG-352 
Sloan-Kettering T-6 


Sloan-Kettering T-6 


Sloan-Kettering T-6 


CCG-212 Regimen F 


CCG-212 Regimen E 


CCG-551 Regimen II 


CCG-551 Regimen II 


CCG-551 Regimen II 
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TABLE 1. (Continued) 





Multimodal Cancer Treatment 





Stage or 
Tumor Age Extent of Day of na 
Type Patient  Yrs-Mos Sex Disease Surgery* Chemetherapy* Site of Radiation? Protocol§ 
Relapsed 24 15-10 F 2nd Relapse — VM-26 — CCG-054 
Leukemia- l 
Lymphoma 25 6-2 M 2nd Relapse — VM-26 — CCG-054 
26 6-0 M 2nd Relapse — ASP, MTX, PD, Shoulder — 
VN 
Embryonal 27 15-2 M Metastatic I2 BLEO. CPDD, — — 
Carcinoma VB 
Hodgkin's 28 14-2 F Relapse — ADR, BLEO, — — 
Lymphoma DTIC, PD, VN 


———————————————————————————————————————————————— 9a 


* Day from diagnosis. 

+ Refer to Table 2 for abbreviations. 

+ R—right; L — left. 

$ Children's Cancer Group (CCG) study protocols with the 


reduce side effects, and may improve tumor response. 
Little information is available concerning nutritional 
aspects of the care of children with malignancy. This 
study was designed to evaluate the efficacy of a com- 
prehensive enteral nutrition program and total paren- 
teral nutrition in maintaining a satisfactory nutritional 
status and/or reversing protein energy malnutrition in 
children with cancer. 


Procedures and Methods 
Patient Material 


Twenty-eight children with advanced malignant 
conditions treated at the James Whitcomb Riley 
Hospital for Children on the Indiana University 
Medical Center Campus were studied. Ages ranged 
from 18 months to 19 years; 14 were females. 

Distribution and numbers of each tumor type in- 
cluded: Wilms' tumor (9); neuroblastoma (5), Ewing's 
sarcoma (3) rhabdomyosarcoma (3), non-Hodgkin's 
lymphoma (3), second relapse leukemia-lymphoma (3), 
embryonal cell carcinoma (1) and Hodgkin's disease 
(1). Therapy for each type of malignancy was generally 
multimodal and conformed to study protocols of the 
Childrens Cancer Study Group (CCSG). A summary of 
clinical data for each patient (age, sex, tumor type 
and treatment) is provided in Table 1. Table 1 is 
arranged according to tumor type, with those patients 
who received enteral nutrition listed before those who 
received total parenteral nutrition (TPN). Within each 
enteral or parenteral nutrition group, patients were 
listed from the least to most advanced stage of disease. 

The type and extent of surgical procedure varied 
from biopsy only (eight patients) to incomplete excision 
(seven patients) or complete excision (eight patients) 
of the tumor. Two children had previous abdominal 


excepticr of T-6 protocol from Sloan-Kettering Memorial Hospital, 
New York. 
‘Including mediastinum. 


operations before the diagnosis of neoplasm was 
established. 

The radiation dosage was determined by the tumor 
type ard stage, age of the child, general condition of 
the child, whether or not actinomycin-D or adriamycin 
was g.ven concomitantly and intent of therapy (cure 
or palliation). Sixteen children received external 
radiation from a cobalt or 40 MeV source to some 
portion of the gastrointestinal tract. Ten of these 
received radiation to the abdomen (1800-4000 Rads), 
five to the pelvis (610-6400 Rads), one to the cheek 
(3000 Rads) and seven to the mediastinum (1400—4000 
Rads). Thirteen had radiation enteritis: nine were un- 
able tc tolerate oral fluids and required intravenous 
infusion during radiation. Four had less severe symp- 
toms. Three patients with intestinal obstruction had 
previous laparotomy, radiation to the entire abdomen 
and chemotherapy. 

All patients received cycles of cytotoxic drugs which 
causec nausea and vomiting; three patients received 
cis-platinum diamine dichloride which resulted in 
violen: and prolonged nausea and vomiting. Anti- 
emetics were used in most patients prior to adminis- 
tering the chemotherapeutic agents, and was often not 
effective in controlling drug-induced vomiting. Three 
patien:s with non-Hodgkin's lymphoma received pred- 
nisone concomitant with cytotoxic drugs during the 
Initia month of therapy. One patient with relapsed 
leukemia-lymphoma and one patient with Hodgkin's 
lymphoma also received prednisone. Following 
cessation of the prednisone and continuation of other 
therary, appetite markedly decreased in these patients. 
Twenty-three patients received vincristine as a part of 
their treatment program, almost all had troublesome 
constwpation, three had adynamic ileus, and seven 
jaw fain which interfered with attempted enteral 


774 


TABLE 2. Chemotherapeutic Agents Used in the Treatment 
of Cancer in Children 








Agent Abbreviation 

Actinomycin D AMD 
Adriamycin ADR 
Arabinosylcytosine ARA-C 
Asparaginase ASP 
Bischloroethyl-nitrosourea BCNU 
Bleomycin BLEO 
Cis-platinum diamine dichloride CPDD 
Cyclophosphamide CPM 
Daunorubicin DAUNO 
Dimethyl-tri-azeno-imidazole carboxamide DTIC 
Methotrexate MTX 
Prednisone PD 
6-thioguanine 6-TG 
Vinblastine VB 
Vincristine VN 
VM-26 (4'-1 demethyl-epipdophyllotoxin 

B-D-thenylidene glucoside VM-26 
intake. Oral ulcerations occurred in 17 patients, 


secondary to administration. of chemotherapeutic 
agents including actinomycin-D, adriamycin, dauno- 
mycin and methotrexate. 


Nutrition Regimes 


Enteral nutrition consisted of a comprehensive oral 
feeding program and oral supplements. A concerted 
effort was made to encourage fully adequate oral intake 
through age-appropriate individual counseling, pro- 
vision of pediatric menus which featured children's 
favorite foods, an atmosphere conducive to eating in 
age related play dining rooms, child oriented nutrition 
education experiences," play and/or exercise activi- 
ties, and parent care facilities where parents lived-in 
with their child while in the hospital. Continuity of 
nutritional care was provided by the same pediatric 
dietitian. 

Two liquid supplements were presented to each 
child: Ensure-Plus,® (Ross Laboratories, Columbus, 
Ohio), lactose free, and Instant Breakfast? (Carnation 
Company, Los Angeles, California) with milk. Neither 
vitamin nor iron supplementation was utilized. 

Parenteral nutrition provided a synthetic parenteral 
nutrition mixture of amino acids, glucose, minerals and 
vitamins (Table 3). Nutrients were administered 
through a central hyperalimentation catheter placed 
into the superior vena cava under sterile conditions. 
Additionally, several nutrients incompatible with the 
hyperalimentation mixture were given weekly by intra- 
muscular injection including: 1 mg folic acid; 100 mg 
hydroxycobalamin; | mg vitamin K; and, a fat emulsion 
was administered (2 g/kg/day) via peripheral veins three 
times per week. Fresh frozen plasma (2 ml/kg) was 
given every two weeks to provide trace elements. 
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Packed red blood cells were administered when the 
hemoglobin concentration was lower than 8 g/dl. 

Initially, hyperalimentation fluid containing 15 g/dl 
glucose was provided at a rate determined by the pa- 
tient’s weight: <10 kg, 100 ml/kg/day; >10 kg, 1800 ml/ 
m*/day. Glucose concentrations were increased daily 
(15, 20, 22.5 and 25 g/dl) to allow for compensatory 
pancreatic insulin secretion. Then, the rate of ad- 
ministration (ml/kg/day) was increased with the goal of 
providing an intravenous caloric intake of 100% of the 
Recommended Dietary Allowances (RDA),'® since 
parenteral intake standards for children with cancer 
do not exist. Within five to seven days following the 
onset of TPN, most patients were receiving at least 
90% of the RDA and gaining weight (without com- 
plications of hyperglycemia). 


Study Design 


Children with Stage III and IV solid tumors or 
second relapse leukemia or lymphoma were assigned to 
two groups, those in satisfactory nutritional condition 
and those nutritionally depleted. Children were con- 
sidered nutritionally depleted if they had a recent 
weight loss greater than 5% of body weight, were under 
fifth percentile according to weight by height grids!’ 
or had a serum albumin of less than 3.2 g/dl. Children 


TABLE 3. Nutrients in Parenteral Nutrition Mixture** 





Nutrient Concentration per Liter 
Kilocalories 940 
Free Amine II*£, g 25.5 
Dextrose, g 250 
Sodium, mg 690 
Chloride, mg 1418 
Potassium, mg 1368 
Phosphate, mg 570 
Calcium, mg 180 
Magnesium, mg 97 
Ascorbic Acid§, mg 100 
Vitamin A, IU 2000 
Vitamin D, IU 200 
Vitamin E, IU l 
Thiamin, mg 10 
Riboflavin, mg 2 
Niacin, mg 20 
Vitamin B-6, mg 3 
Dexpanthenol, mg 9 


* TPN protocol, James Whitcomb Riley Hospital for Children, 
Indianapolis, Indiana; adapted to individual patients as clinically 
indicated. 

+ In addition, the following were provided as a part of ‘‘total 
parenteral nutrition": Vitamin B-12, folacin, Vitamin K, Intralipid® 
(Cutter Laboratories, Berkeley, California) and frozen plasma for 
trace elements. 

t McGaw Laboratories, Milledgeville, George. 

$ Vitamin mixture provided from lcc MultiVitamin Infusion® 
(USV Pharmaceutical Corporation, Tuckahoe, New York). 
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who were in satisfactory nutritional condition received 
an intensive oral feeding program (enteral nutrition). 
Initially, the study was designed so that nutritionally 
depleted patients would be randomly assigned to either 
a ten or 28 day TPN group with subsequent compre- 
hensive enteral nutrition. However. preliminary data 
indicated that ten days of parenteral nutrition were 
not sufficient for restoring or maintaining weight. 
Thereafter, they received TPN for 28 or more days. 
When patients receiving enteral nutrition became 
depleted, they also received TPN for 28 days. 

Patients were evaluated at entry into the study (day 
| of treatment) and at 10, 28, 60 and 90 days with 
dietary, anthropometric, biochemical and immuno- 
logical parameters. 


Methods 


During hospitalization, daily records of enteral 
intake were recorded by the mother and nurse. Stand- 
ard food portion sizes were served and the food not 
eaten was measured. When parents became familiar 
with portion sizes, they were asked to estimate the 
amount of food eaten and measure liquids consumed. 
including that with medication. A dietitian reviewed 
the food record each day with the parent for complete- 
ness, explicitness and the use of acceptable measures 
(ounce, milliliter, inch, etc.). The approximate weight 
of each food in grams was estimated for the food 
records with allowance for emesis, and each food was 
coded to correspond to that listed in a food composition 
handbook.' Fat emulsion, peripheral glucose and 
central hyperalimentation infusions were coded simi- 
larly using the patient's individual prescription and 
the nutrient composition from the manufacturer. 
Energy intake was calculated by computer analysis. 
Mean values of enteral energy intakes during intense 
therapy (one to three months) and parenteral energy 
intake during weight gain were determined for each 
subject and compared to the RDA (per cent RDA 
for age). 

Anthropometric measurements consisted of weight 
(kg), height (cm), and subscapular and triceps skinfold 
thickness (mm). Younger children (<15 kg) were 
weighed unclothed with a Toledo Scale (Toledo Scales 
Company, Toledo, Ohio); older children were weighed 
with clothes, but no shoes and weight was adjusted 
for the clothes. Height of older children (^2 years), 
length of younger children and skinfold thicknesses 
were measured with techniques similar to those 
described by Fomon.* Weight for height percentiles 
were derived from the National Center for Health 
Statistics grids.'^ Skinfold readings were made to the 
nearest 0.1 mm approximately three seconds after ap- 
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plication of the Lange Skinfold Caliper (Cambridge 
Scientific Industries, Inc., Cambridge, Maryland). Two 
trained examiners measured skinfold thickness at each 
site three times; the average of the six measurements 
was reported. The mean of the differences between 
examiners in the measurement of the triceps and 
subscapular thickness were 0.054 and 0.045 mm respec- 
tively; standard deviation of the differences were 0.37 
and 0.22 mm respectively. Skinfold percentiles were 
derived from data of Karlberg." 

Biochemical analyses were done at the time of 
entry into the study and then at 10, 28, 60 and 90 days, 
including total proteins, serum albumin determined by 
protein electrophoresis and transferrin determined with 
a radioimmunodiffusion kit (M-Partigen,? Behring 
Diagnostics, Somerville, New Jersey). Total lympho- 
cyte counts were derived from the per cent lympho- 
cytes times total leukocyte count per mm? of blood. 
To determine whether serum albumin was a reflection 
of nutrition rather than impaired liver function. serum 
alkaline phosphatase and glutamate oxalate transam- 
inase also were determined as indices of liver function. 
Patients who received TPN had routine serum chemical 
determmations three times weekly for appropriate 
metabolic monitoring and management. 

The immunological capacity was estimated by total 
lymphocyte count (excluding relapsed leukemia- 
lymphoma patients) and by delayed cutaneous hyper- 
sensitivity to five common recall skin test antigens 
including: PPD (Purified Protein Derivative), SK SD 
(Streptokinase-Streptodornase), mumps, Candida and 
diptheria. Induration of 5 mm or more in diameter 
at one of the injection sites at 48 hours was considered 
a positfve reaction. 


Data Analysis 


Anthropometric data used in the evaluation of the 
effectiveness of TPN were treated Statistically by 
computing the differences between the measurements 
at the beginning and at the end of TPN (9-14 days or 
28 days) for each patient. Then, the group means of the 
differemces, the standard deviations and the paired 
differemces t-values were calculated. Since different 
subjects (with the exception of six) were used in the 
9—14 day and 28 day evaluations, it was necessary 
to use independent samples t-tests to determine the 
significance of the difference between the mean change 
at 9-14 days and the mean change at 28 days. Group 
means and standard deviations were calculated for 
biochemical measurements at the beginning and at the 
end of TPN for the 9-14 day TPN group, for the 28 
day TPN group, and for all patients who received TPN 
regardless of duration. 
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FıG. 1. Weight change of children with advanced cancer. Children 
received multimodal cancer therapy and oral comprehensive 
nutrition or total parenteral nutrition, TPN. Eighteen patients who 
were receiving enteral nutrition became depleted and subsequently 
received parenteral nutrition; two patients (7 and 17) received TPN 
a second time. ' Days, total days of weight loss when the beginning 
of weight loss preceded diagnosis. * (Days) from diagnosis and the 
beginning of cancer treatment. ? Days of TPN. * Days from the end 
of the first period of TPN to the beginning of the second period of 
TPN; percent weight loss also was calculated from the end of the 
first period of TPN (TPN A). 


Results 


At the onset of therapy, 21 patients received inten- 
sive nutritional counseling and oral supplementation 
and seven received total parenteral nutrition (TPN). 
Figure | summarizes the weight loss or gain of patients 
who received enteral and parenteral nutrition. Despite 
a comprehensive enteral nutrition program, all but 
five of the 21 patients had a dramatic weight loss fol- 
lowing a decreased oral intake. Weight loss, as deter- 
mined from the highest weight preceding diagnosis to 
the lowest weight during therapy, averaged 16.4 
+ 12.4%. Eighteen patients received TPN (two re- 
ceived TPN a second time) for a mean of 24 days (range: 
7-60 days). All patients who received TPN gained 
weight, some as much as 2546 of their lowest weight. 
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Since standards for nutrient intake of children with 
cancer have not been defined, we arbitrarily compared 
data to the Recommended Dietary Allowances (RDA, 
1974).!5 During the period of intense therapy and 
weight loss, oral intake of kilocalories averaged 
48% of the RDA whereas parenteral intake averaged 
90% during weight gain. 

The evaluation of nutritional status by several 
parameters at the beginning and at the end of TPN is 
presented in Figure 2. At the onset of TPN, 15 of 18 
children were severely depleted when assessed by 
skinfold percentiles (under 10th percentile) and weight 
for height percentiles (under Sth percentile) in younger 
children or percent ideal weight for height (under 80%) 
in children older than ten years. At the beginning of 
TPN the mean albumin and transferrin concentrations 
in serum and total lymphocyte count were 3.06 + 0.38 
g/dl, 175 + 62 mg/dl, and 1102 + 966/mm* respectively. 
Seventeen of 18 patients tested were anergic to all of 
five recall skin test antigens. At the end of TPN, the 
mean serum concentrations of albumin and transferrin 
and the mean total lymphocyte count were 3.48 + 0.53, 
236 + 40 mg/dl, and 737 + 677 per mm’, respectively. 
Seven of eleven patients retested had a positive recall 
skin test reaction. Since duration of TPN from the 
beginning to the end varied from seven to 60 days, 
biochemical and anthropometric measurements were 
further evaluated at short intervals (9— 14 days) (Tables 
4 and 5) or long intervals (28 or more days) (Tables 6 and 
7). It was not possible to obtain all data for every 
parameter measured at the beginning and at the end of 
TPN for various reasons (e.g., terminal clinical state, 
inadequate blood sample). 

Oral nutrition programs were ineffective generally 
during the first months of intense cancer treatment; 
however, TPN administered over long intervals of 
time (approximately 28 days) supported weight gain 
(3.27 + 1.89 kg or 16 + 6%), significantly increased 
serum albumin (0.62 + 0.43 g/dl, p < 0.001), and 
reversed anergy in seven of the nine patients retested 
(Tables 6 and 7). All but one of these patients were 
above the fifth percentile on weight for height grids or 
were greater than 80% of ideal body weight at the 
end of TPN administered for approximately 28 days 
(Table 6). TPN administered for only 9-14 days 
neither satisfactorily repleted weight or skinfold re- 
serves (Table 4) nor restored lowered albumin con- 
centrations (<3.2 g/dl) (Table 5). Some benefits of 
short intervals of TPN were apparent, however, such 
as a slight gain in weight, a significant increase (X 45 
- 46 mg/dl, p — 0.02) in transferrin, and obvious 
improvement in the general well-being of the patient. 
Within three to four days after the initiation of paren- 
teral nutrition, the most severely depleted children 
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demonstrated changes in behavior, from apathy, biochemical evaluations. The relative concentrations 
lethargy and irritability to smiling, playing and respon- of albumin decreased (X — 0.44 + 0.38 g/dl) at 9-14 
siveness. Data at the end of 9 to 14 days of TPN is days in all but one patient (patient 18). Two patients 
biased upward because five of the most severely de- — (numoers 18, 20) were continually hydrated with 
pleted patients died prior to the final skinfold and intravenous glucose prior to insertion of the hyper- 


TABLE 4. Anthropometric Measurements at the Beginning (B) and End (E) of Total Parenteral Nutrition (TPN) Administered 
for Short Intervals of Time (9 to 14 Days) 





Subscapular Skinfold 


Weight 
Measurement ——__ Wt for Ht 
— Percentile A Percentile 
Pa- Age TPN B E A ——————— B E ——————— 
tient Yrs-Mos Day mm mm mm B E kg kg kg % B E 
—————————————— "ÉD 
5 2-3 (14)* 45 — — <10 9.00 10.14 +1.14 +13 <5 5-10 
6 7-10 (12) 6.2 7.6 +1.4 50-90 50-90 20.84 24.00 +3.25 +16 cs 25-50 
7(A) 2-6 11 — — — — — 10.60 11.42 +0.82 +8 <5 5-10 
8 5-4 (10) 3.0 a +0.3 <10 <10 16.64 19.70 +3.06 + 18 <5 25-50 
12 1-3 9+ 9.8 — — <10 — 7.40 8.84 +1.44 +19 eS 25-50 
13 2-2 t 9.6 — — <10 — 8.72 9.08 +0.36 *4 «5 = 
15(A) 9-5 (13) 4.8 4.8 0.0 10-50 10-50 21.10 23.10 +2.00 +9 25 es 
15(B) 9-5 10 4.4 4.5 +0.1 <10 <10 22.90 24.90 42.00 +9 <5 <5 
20 15-3 (11) 5.0 — — 50-90 — 40.68 41.70 +1.02 +3 79t 81i 
19 2-4 (14) 3.0 — — <10 — 9.88 10.10 +0.22 +2 <5 <5 
18 1-1 13 NC 5.2 0.0 10-50 — 10—50 9.30 9.60 +0.30 +3 10-25 10-25 
24 15-10 9t 5.1 — = <10 36.20 37:70- +150 +4 661 691 
25 6-2 9t 4.] — — 10—50 — 13.61 14.28 — «0.67 +5 e «5 
26 6-0 137 — — — —  — 15.45 15.91 +0.46 +3 <5 <5 
28 14-2 14 5.1 6.0 +0.9 <10 <10 31:33 390  -LT77 +5 80: 85i 
n 15 6 15 15 
X +0.45 +1.33 +8.1 
S.D. +0.58 +0.95 £5.5 
t 1.92 5.42 5.38 
ps ~0.06 <0.001 <0.001 
— A, S ee 
* (Day) of evaluation; TPN continued beyond this date. § Gne-tailed probabilities since direction of change was predicted 
* Patient died prior to 9 to 14 day skinfold measurements. in each case. 


t Percent of ideal weight for height. 
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TABLE 5. Biochemical Measurements at the Beginning (B) and End (E) of Total Parenteral Nutrition (TPN) Administered 
for Short Intervals of Time (9 to 14 Days) 





Albumin Transferrin Total Lymphocyte Count 
Pa- TPN B E A B E A B E A 
tient Day g/dl g/dl g/dl mg/dl mg/dl mg/dl Per mm? Per mm? Per mm? 
5 (14)* 3.61 3.04 —0.57 205 240 +35 34 46 +12 
6 (12) 2.95 2.23 —0.72 120 245 +125 816 1634 +818 
T(A) 11 3.50 2.69 -0.81 — — — 143 431 +288 
8* (10) 2.80 2.46 — 230 150 — 377 90 —287 
12 91 2.40 — — — — — 416 15 —401 
13 91 2.39 — — 100 — — 690 1896 + 1206 
ISEA) (13) 3,13 3.07 —0.08 183 235 +52 648 raj —571 
15tB) 10 3.93 2.92 —1.01 220 190 —30 255 0 255 
20 (11) 3.428 3.40 —0.02 190 220 +30 760 814 +54 
19 (14) 3.40 2.84 —0.56 330 395 +65 1822 3289 + 1467 
18 13 3.318 3.36 +0.05 215 255 +40 2904 1913 —99] 
24 9i 2.87 — — 77 — — 2" 0 —2 
25 91 2.80 — — 110 — — 106 723 — 
26 13t 2.41 — — — — — 2207 8 — 
28 14 2.95 2.69 —0.26 — 310 — 781 672 — 
n 15 9 9 9 7 7 7 12 12 12 
X 3.36 2.92 —0.44 209 254 +45 804 906 +102 
S.D +0.32 +0.36 +0.38 +63 +66 +46 +806 +1053 +730 
t —3.50 2.59 0.48 
p* >.50 ~0.02 0.32 


* (Day) of evaluation; TPN continued beyond this date. 

+ Severely impaired liver function tests at 14 days; data not 
included in statistical analysis for albumin or transferrin. 

t Patient died prior to obtaining 9 to 14 days biochemical 
measurements; data not used in statistical analysis. 

$ Continuous fluid hydration prior to insertion of hyperalimenta- 


alimentation catheters, whereas the other patients had 
a considerably lowered oral fluid intake because of 
nausea and vomiting and probably became dehydrated. 
Total lymphocyte counts were severely or moderately 
depressed (<500 or 1500/mm*?, respectively) in all pa- 
tients who received TPN for approximately 28 days, 
and had no apparent relationship to nutritional de- 
pletion. Total lymphocyte counts at the end of both 
short and long intervals of TPN were unchanged or 
less than lymphocyte counts at the beginning of TPN. 
Lymphopenia seemed to be related more to chemo- 
therapy than to improvement in nutritional status. 


Discussion 


Severe malnutrition regularly accompanied the ini- 
tial and intense phase of cancer therapy in children 
with advanced neoplastic disease in this study. Weight 
loss (depletion of both fat and muscle reserves) oc- 
curred and serum albumin and transferrins fell to con- 
centrations associated with malnutrition. Impaired cell 
mediated immunity (anergy to five recall skin test 
antigens) occurred in 75% of the children. Malnutri- 
tion was especially severe and predictable in the nine 
patients with Wilms’ tumors (X 22 + 7% weight loss 
within 26 days from the beginning of treatment). 


tion catheter. 

' Patients with relapsed leukemia-lymphoma; data not included 
in statistical analysis for total lymphocyte count. 

* One-tailed probabilities since direction of change was predicted 
in each case. 


Although the energy requirements are not known for 
young children with cancer, the RDA for healthy 
children provides an arbitrary standard for compari- 
son. This study clearly documented the severity of 
the decrease in enteral intake of kilocalories of 
children with advanced cancer (40-60% RDA) as com- 
pared to normal children. On the other hand, parenteral 
nutrition provided approximately 90— 100% of the RDA 
for kilocalories (50-110 kcal/kg) and supported a rate 
of weight gain of 150—250 g per day. This gain was 10— 
20 times greater than that which would normally be 
expected for healthy children of similar age. During 
cancer treatment periods, the observed daily activity 
of the patients was much less than that of normal 
children. This may have partially offset potential in- 
creases in energy requirements caused by the cancer 
treatment, tumor metabolism or fever. 

Cachexia in cancer patients is similar and more 
severe than the marasmus (protein energy malnutri- 
tion) recognized in children in developing countries. 
Severe nutritional depletion occurred much more 
rapidly in children with cancer than with classical pro- 
tein energy malnutrition. Approximately one-fourth of 
the children in this study were malnourished at diag- 
nosis and the remainder became malnourished within 
several weeks after starting therapy unless repleted 
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TABLE 6. Anthropometric Measurements at the Beginning (B) and End (E of Total Parenteral Nutrition (TPN) Administered 
for Long Intervals of Time (28 or More Days) 





Subscapular Skinfold 





Weight 
Measurement — Wt for Ht 
— Percentile A Percentile 
Pa- Age TPN B E A ——————— B E — 
tient Yrs-Mos Day mm mm mm B E kg kg kg % B E 
5 2-3 28 3 4.5 +1.0 <10 <10 9.00 10.99 +1.99 +22 <5 10-25 
6 7-10 35 6.2 8.1 +1.9 50-90 50-90 20.84 25.45 +4.61 +22 mS 50-75 
7(B) 2-6 22* — — — — — 10.10 11.67 +1.57 +16 <5 10-25 
8 5-4 28 3.0 3.0 0 <10 <10 16.64 18.82 +2.18 +13 «5 10-25 
9 6-0 (60) 4.] 5.8 +1.7 10-50 50-90 19.40 21.25 +185 +10 10 50-75 
14 3-7 34 313 — — <10 — 15.30 17.30 +2.00 +13 25-50 75-90 
17(A) 9-5 28 4.8 5.5 +0.7 10-50 10-50 21.10 25.50 +4.40 +2] En «5 
19 2-4 28 3.0 4.1 +1.1 <10 <10 9.88 11.30 +1.42 +14 «5 5-10 
20 15-3 28 5.0 $5.5 0.5 50-90 50-90 40.68 44.80 +4.12 +10 194 871 
23 13-4 28 6.2 T +1.0 10-50 50-90 28.64 36.14 +7.50 +26 721 911 
27 15-2 54 4.1 5.0 +0.9 <10 10-50 53.18 57.50 +4.32 +8 81t 87i 
n 11 9 11 11 
X +0.98 +3.27 +16 
S.D. +0.58 +1.89 +6 
t 5.09 r E e 8.86 
ps <0.001 <0.001 <0.001 
* Patient died prior to 28 day evaluation. § One-tailed probabilities since direction of change was predicted 
+ (Day) of evaluation; TPN continued beyond this date. in each case. 


i Percent of ideal weight for height. 


parenterally. Repletion with TPN occurred in a much respoase generally recognized in chronic starvation?) 
shorter time than would be seen with enteral treat- represented a threat to life. 

ment for protein energy malnutrition. The rapid onset Normally in marasmus or chronic partial starvation, 
and severity of the nutritional depletion observed in a metabolic adaptation occurs, i.e., basal metabolic 
children with cancer (without the apparent adaptive rate Gecreases, the body changes from a glucose to a 


TABLE 7. Biochemical and Immunological Measurements at the Beginning (B) and End (E) of Total Parenteral Nutrition (TPN) 
Administered for Long Intervals of Time (28 or More Days) 








Recall 
Albumin Transferrin Total Lymphocyte Count Skin 
eee 0 ———————— o ————— Test 
Pa- TPN B E A B E A B E A ————— 
tient Day g/dl g/dl g/dl mg/dl mg/dl Tr g/dl Per mm? Per mm? Per mm? B E 
5 28 3.61 3.70 +0.09 205 240 —35 34 40 +6 - E 
6 35 2.95 3.23 +0.28 120 185 +65 816 194 —622 ~ + 
7(B) (16)*+ 3.02 3.98 +0.96 170 260 — 90 1056 1068 +12 — 
8 28 2.80 2.41 — 230 140 — 377 110 — 267 ~ + 
9 (60)* 2.51 3.5] +1.00 125 240 +115 992 358 —634 ~ + 
14 34 2.90 3.84 +0.94 190 180 —10 3042 1215 —1827 — — 
17(A) 28 3.15 3.06 | —0.09 183 200 -17 648 220 —428 - B 
19 28 3.40 3.90 +0.50 3308 — -—— 1822 405 — 1417 - 
20 28 3.42 4.10 +0.68 190 280 +30 760 1216 +456 - + 
23 28 2.69 3.29 +0.60 190 240 +50 2288 718 — 1570 — — 
27 54 3.13 4.39 +1.24 145 250 +105 510 1109 +599 - + 
n 10 10 10 9 9 9 11 11 11 
R 3.08 3.70 +0.62 169 231 +62 1122 605 —517 
S.D. +0.34 +0.42 +0.43 +31 +35 +42 +901 +470 +805 
t 4.56 4.39 —2.13 
p" <0.001 ~0.002 
AAA cee E E E tc eee ac i eg gg 
* (Day) of evaluation; parenteral nutrition continued. used m Statistical analysis for albumin and transferrin. 
+ Patient died prior to 28 day evaluation; day 16 data used as § Data not used in statistical analysis. 
final evaluation. ' Qne-tailed probabilities since direction of change was predicted 


t Severely impaired liver function tests at 28 days; data not in each case. 
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fat metabolism economy, and some visceral proteins 
(albumin) are spared. In the classic studies of human 
starvation by Keys and coworkers! the weight loss, 
which can be expected with varying degrees of partial 
starvation in adult man, was estimated (Fig. 3). If 
adaptation had occurred in the children with cancer 
in this study, their energy intakes, 40—60% of normal, 
would have resulted in a weight loss of only 20% in 
three months. Instead, all of the patients lost an aver- 
age of 16% within a month and the children with 
Wilms' tumors were most affected losing an average 
22% of body weight in less than a month (Fig. 3). In 
Keys' starvation studies, this rate of weight loss would 
have been lethal. In fact, one subject (patient 7) be- 
came severely depleted, was never satisfactorily re- 
pleted and died due to an opportunistic infection 
without evidence of neoplastic disease at autopsy. Pro- 
tein energy malnutrition with immunosuppression 
probably contributed to her death. 

A concerted effort was made to prevent nutritional 
depletion of the children via enteral nutrition during 
the intense phase of cancer treatment. Despite these 
efforts, a number of factors interfered with enteral 
nutrient intakes. Some of these factors are directly 
related to the disease process (e.g., intake was usually 
depressed in patients just prior to diagnosis of re- 
lapse), some are related to immediate side effects 
(nausea and vomiting) or to complications (e.g., fever, 
infection, pain from disease, stomatitis, and jaw pain) 
or treatment and some are due to the emotional stress 
resulting from the inevitable procedures which oc- 
curred during treatment. Thus, kilocalorie intake re- 
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mained low (approximately 50% of the RDA) in most 
of the patients who received enteral nutrition. 

Total parenteral nutrition administered for 28 or 
more days was highly effective in nutritionally re- 
pleting patients. Total parenteral nutrition significantly 
improved weight, skinfold measurements, albumin and 
transferrin concentrations, and, in most cases, skin 
test reactivity. Administration of TPN for 9-14 days 
was not sufficient to restore weight, fat reserves and 
albumin concentrations in these severely depleted 
children, although transferrin concentrations became 
normal and the quality of life was improved. Thus, 
transferrin concentrations reflected severely depressed 
intakes of energy or protein and provided an earlier 
indication of response to nutritional therapy than al- 
bumin concentration. Total lymphocyte counts were 
severely or moderately depressed in all patients who 
received TPN for approximately 28 days but the level 
was unrelated to nutritional depletion. The improved 
nutritional status was maintained with enteral nutrition 
when children had no evidence of disease and had 
finished the initial and most intense phase of multi- 
modal cancer treatment. 

Several investigators???!! have reported that TPN in 
adult patients hastens postoperative recovery, im- 
proves tolerance to chemotherapy and its toxic side 
effects, allows completion of tumor treatment pro- 
grams, improves tumor response and restores immuno- 
competence. At the end of the first three months of this 
study, 20 patients were alive; 18 of these responded to 
the initial treatment. The small and heterogeneous 
group of patients from this study do not allow 
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conclusions regarding the relationship of a satisfactory 
nutritional status throughout treatment to -umor 
response or length of survival. 

One of the most significant observations in this study 
was the recovery of cell mediated immunity, despite 
continuing drug and/or radiotherapy, when mal- 
nourished patients were repleted with TPN. Factors 
other than nutrition may impair cell mediated re- 
sponses in children with cancer, including a terminal 
clinical state,’ steroids,'* radiotherapy? and, possibly, 
the release of "toxins" by certain neoplasms. Addi- 
tional data are needed to further evaluate the true sig- 
nificance of nutrition to cell mediated immunity and 
improved survival of children with neoplastic disease. 
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Hyperparathyroid Crisis 


Clinical and Pathologic Studies of 14 Patients 


CHIU-AN WANG, M.D.,* STEVEN W. GUYTON, M.D.t 


A study is presented of 14 patients with hyperparathyroid 
crisis treated at the Massachusetts General Hospital between 
1964 and 1978. These patients showed diverse clinical mani- 
festations that were indistinguishable from those in patients 
with pseudohyperparathyroidism. Their symptoms varied 
frem progressive fatigue, malaise, and weakness to those re- 
lated to the gastrointestinal and urinary tracts. The one bio- 
chemical alteration commonly found among these patients was 
the rapid increase in the serum calcium. There was a con- 
comitant rise in the BUN in 50% of the patients and in 
the creatinine in 80%. The diagnosis was established by an 
elevated immunoreactive parathyroid hormone (PTH) level in 
all eight patients (100%) who had the radioimmunoassay: by 
the presence of subperiosteal resorption of the phalanges in 
six of the eight patients (75%); and in three of four patients 
(75%) by the loss of the lamina dura of the teeth. The 12 
patients who had surgery all survived; the two who did not 
died. Thirteen patients (93%) had a neoplasm—an adenoma 
in 12 and a carcinoma in one. One patient had hyperplasia 
(7%). Nine patients (64%) received hypocalcemic drug therapy. 
The serum calcium temporarily fell to 12 mg/100 ml in five 
patients (56%) but failed to budge in four (44%). Simultaneous 
treatment with saline infusion, furosemide and with hypo- 
calcemic drugs over a prolonged period compounded the dif- 
ficulty at operation by increasing interstitial edema. Our 
findings from this study show prompt surgical intervention 
as the ideal treatment for hyperparathyroid crisis, preferably, 
within 72 hours of the acute onset of symptoms. 


HE TOXICITY OF the parathyroid hormone (PTH) 
was clearly demonstrated as early as 1926. Collip' 
in his experiment found that dogs who were injected 
with multiple large doses of parathyroid extract in- 
variably died within two or three days. Death was 
preceded by anorexia, vomiting, and a rise in the 
serum calcium level to 20 mg/100 ml, concomitant 
with the retention of blood urea nitrogen (BUN). 
Hyperparathyroid crisis, also known as acute 
parathyroid poisoning, acute hyperparathyroidism, 
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parathyrotoxicosis, and acute parathyroid intoxica- 
tion, was not recognized in man until 1932, when a 
5-year-old boy was given repeated injections of 
parathyroid extract for the treatment of purpura." 
The boy vomited persistently and became lethargic, 
presenting a clinical picture similar to that of Collip's 
dogs. As his serum calcium rose to a level of 19 mg/100 
ml, he was on the verge of dying, but he recovered, as the 
injections of parathyroid extract were discontinued. 
Since then, sporadic accounts of hyperparathyroid 
crisis have appeared in the literature .5:9:11.15.16.19.22,24,27 

Of the first 882 patients with surgically confirmed 
hyperparathyroidism who were treated at the Massa- 
chusetts General Hospital between 1930 and 1978, 14 
(1.6%) had hyperparathyroid crisis. The following 
presentation is based on a clinical and pathologic 
study of these 14 patients. 


Clinical Manifestations 


Eight of the 14 patients were men and six, women. 
Their ages ranged between 20 and 73 years. The mean 
age was 52. 

The clinical manifestations were extremely diverse 
(Table 1). At the outset, the majority of these patients 
experienced progressive fatigue, malaise, and weak- 
ness, associated with the loss of mental acuity and 
memory, culminating in lethargy, disorientation and, 
for a few, the lapse into coma. Eleven of the 14 pre- 
sented with one or more of these symptoms at the 
time they were first seen. 

Simultaneous with or prior to these mental derange- 
ments, symptoms related to the gastrointestinal tract 
became manifest. The more frequent were anorexia 
and nausea, associated with constipation and dyspep- 
sia. These symptoms occurred in seven patients in our 
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HYPERPARATHYROID CRISIS 


TABLE 1. Clinical Manifestations of Hyperparatayroid Crisis in 14 Patients 


783 


Patient i 
No. Sex Age Manifestations Duration 
l M 73 Fatigue, loss of memory; polyuria; constipation | year 
Anorexia, polydipsia, weight loss (10 lbs). 6 weeks 
Right neck mass. 

2 M 57 Polyuria, nocturia, hematuria. | year 
Fatigue, weakness; anorexia, nausea; constipatson, abdominal pain. | month 
Right neck mass. 

3 M 68 Duodenal ulcer. 30 years 
Fatigue, malaise. 3 weeks 
Polyuria, nocturia. | week 
Anorexia, nausea, vomiting 5 days 
Right neck mass. 

4 M 40 Fatigue, lassitude; constipation. 2 years 
Peptic ulcer pain. 5 months 
Anorexia, nausea, vomiting, weight loss (20 Ibs). 2 months 

5 F 62 Anorexia, nausea, vomiting. | week 
Fatigue, weakness, listlessness after eye surgery. 4 days 
Abdominal pain; lethargy. 2 days 

6 F 39 Fatigue, weakness; polyuria, polydipsia, hematuria; constipation; renal stone. 2 years 
Anorexia, nausea, vomiting; abdominal pain af er parathyroid exploration. 7 days 
Somnolence; comatose; cardiac arrest after selective venous catheterization study. 8 hours 

7 F 20 Renal stone, cystitis, polyuria, hematuria. 2 years 
Anorexia, nausea, vomiting; severe bone and muscle pain. 2 days 
Right ureterolithotomy. 5 days 
Right neck mass. 

8 M 65 Back pain. 4 years 
Disabling muscle pain. 3 months 
Mental confusion, depression. 3 days 

9 F 32 Polyuria, nocturia, pyuria, cystitis. 2 years 
Polydipsia. 3 months 
Right ureterolithotomy, renal stone. | week 
Right neck mass. 

10 F 42 Polyuria, polydipsia, nocturia, hematuria, constipation, renal stone. | year 
Right and left pyelonephrotomy, renal stone. 2 weeks 
Right neck mass. 

11 M 63 Lethargy, disorientation. 4 days 
Comatose; nephrocalcinosis, hematuria. 12 hours 
Left neck mass. 

12 M 61 Lethargy; Cheyne-Stokes respiration, unconsciousness; premature ventricular contractions. | week 

13 F 65 Renal stone, polyuria, pyuria; bone pain. 6 years 
Muscle pain. | year 
Lethargy, confusion. | week 

14 M 45 Lethargy, weakness, loss of memory; loss of weight (10 Ibs). 3 weeks 


_-—_————— Eee 


series. Three patients complained of abdominal pain, 
which mimicked acute surgical abdomen. In addition, 
five had acute vomiting, which was intermittent in two 
and persistent in three. Vomiting was invariably pro- 
jectile, often occurring early in the morning. Char- 
acteristically, the vomitus was bilious at first, later be- 
coming unproductive. 

Many of these patients had had urinary symptoms 
for months or even years. Polyuria, nocturia, and 
polydipsia occurred in eight patients, and in six, 


hematuria and pyuria were associated with renal 

* calculi. The presence of renal stones or nephrocalcino- 
sis ım acute hypercalcemia attests to the chronicity 
of the disease process, and these complications serve 
as important diagnostic clues for hyperparathyroid 
crisis. 

Otner clinical manifestations of the disease, although 
rare, were intense pain of bone and muscle and cardiac 
arrhythmias. In three patients, the pain was so severe 
that rt could not be alleviated by the common analgesic 


WANG AND GUYTON Ann. Surg. e December 1979 


784 


TABLE 2. Serum Chemistries in 14 Patients with Hyperparathyroid Crisis* 
in eg cc cn canoeing see ee 


Patient No. Ca P Alk. P'tase BUN Cr Cl CO, 
rite gt eh tata tng i MEM ded 
l 12.5-17.6 3.0-2.8 6.6 11 1.8 — => 

2 18.0—18.4 2.3-4.4 10.6 47—64 3.4 99 23 

3 17.0-18.2 5.4-5.1 18.0 22—48 4.2 96 32 

4 15.8-17.6 1.8—2.4 11.7 10-5 — 99 26 

5 15.0 5.1-6.6 4.9 135-150 2.6 86 26 

6 16.8—20.1 5.0-7.0 8.9 33-50 2.0 96 26 

7 13.0-15.0 1.7-2.7 6.9 13 1.9 103 24 

8 16.0-17.2 2.5-3.0 11.9 30—40 2.4 106 24 

9 15.4-19.6 2.7—4.1 3.5 34 2.1 100 30 

10 11.7-15.7 2.2-3.3 8.2 18—44 23 109 23 

11 16.0—18.7 3.2-3.9 8.2 36 m 95 26 

12 15.8-18.8 4.1-7.5 5.0 47—59 1.7 83 24 

13 13.6-15.4 2.5 10.7 40 — 99 20 

14 19.2- 19.0 2.6-2.3 8.0 11 La 104 24 





* Normal values of Ca = 8.5-10.5 mg/dl. P = 3.0-4.5 mg/dl. 
Alk P'tase = 2.0-4.5 Bodansky units (BU). BUN = 8.0-25.0 


drugs. Excision of the diseased parathyroid, however, 
provided instantaneous relief. Cardiac arrhythmia in 
the form of premature ventricular contractions oc- 
curred in one patient. Again, conventional medical 
therapy was unsuccessful in restoring normal cardiac 
rhythm, until the hyperparathyroidism had been sur- 
gically corrected. 

Cachexia was not commonly seen, and, despite their 
deteriorating mental conditions, these patients seldom 
seemed gravely ill. However, dehydration was 
common. It was manifest in sunken eyes, a coated 
tongue, and dry chapped lips, and it was made worse 
by acute vomiting. 


mg/dl. Cr = 0.7-1.5 mg/dl. Cl = 100-106 mEq/l. CO, = 20-26 
mEq/l. 


In seven patients (50%), a palpable mass found in 
the neck could not be distinguished from a solitary 
thyroid nodule. By radioactive iodine (Ral) scintiscan- 
ning, it appeared to be a nonfunctioning thyroid 
nodule, but, in each of the seven patients at surgery, 
the mass proved to be the diseased parathyroid gland. 

Contrary to what might be expected in a hyper- 
calcemic patient with malignancy, very few of the 14 
patients lost much weight. Only three lost between 10 
and 20 pounds within a period of one to four months, 
as two had persistent vomiting and one had severe 
anorexia. 


Laboratory Data 


LITHOTOMY PARA - 
PAENT A progressively rising serum calcium was the rule, 
although the critical level varied widely among these 
(mg /100 ml) i s Aar 


14 






patients (Table 2). As it rose to 17 mg/100 ml or higher, 
clinical manifestations became increasingly apparent in 
ten patients. In three others, even before the serum 


sŠ i BUN 13mg /:00m Calcium had reached 17 mg/100 ml, the symptoms had 
TS ALK PHOS 43 BU. already become severe. There was evidently a close 
^W 1 correlation between the level of the serum calcium and 
jij the severity of the symptoms. Nonetheless, the rapidity 

8 MALDEA RAUS with which the disease progressed also played an im- 
"Eo | portant role. The clinical course in one of our pa- 

6 MUSCLE PAIN | | tients illustrates this point (Fig. 1). Five days after an 

x | | uneventful ureterolithotomy for ureteral stone, the 
Xo 4 Z f patient, a 20-year-old girl, experienced the acute onset 
NN MMM MMU jJ GA of intense muscle and bone pain, followed a day later 
aS 2 | by persistent projectile vomiting. At the same time, 
qa | her serum calcium rapidly rose from 13 to 15 mg/100 





-8 -6 -4 -2 Oo 2 E 6 8 
DAYS 
Fic. 1. Rapid acceleration of hyperparathyroid crisis evidenced by 


rise of serum calcium accounted for acute onset of symptoms in 
Case 7. All symptoms abated after removal of parathyroid carcinoma. 


ml. Hyperparathyroid crisis was diagnosed. Within 
48 hours, the patient underwent emergency explora- 
tion of the neck, and a 3.5 cm parathyroid carcinoma 
was removed. Postoperatively, the patient immediately 
became asymptomatic. Bone and muscle pain dis- 


a 


A. 
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TABLE 3. Hematologic, PTH, and Urinary Findings in 14 Patients with Hyperparathyroid Crisis 





PIH* Urine 
Patient No. Hct (%) Hgb (g/dl) Preop Postop pH spg Ca/24° 
l — 14.3 — — 7.0 1.000 780 
2 27 9.7 = — 5.5 1.006 486 
3 38 10.8 — — 6.0 1.006 — 
4 29 — = — 2.5 1.007 474 
5 48 — — — 5.5 1.013 — 
6 30 — — — 1:5 1.002 — 
7 39 14.0 159 a5 7.0 1.005 222 
8 31 12.0 157 3.5 — 1.010 632 
9 34 11.5 150 6.3 — — 222 
10 4] 10.7 45 — 6.0 1.010 498 
11 36 13.0 90 4.0 3.0 1.006 194 
12 47 15.9 49 3.5 5.0 1.015 — 
13 — 13.7 150 3.0 6.0 1.008 190 
14 30 10.5 8Q — 6.5 1.009 — 


* Normal PTH less than 10 microliter equivalent per ml/plasma. 


appeared, vomiting abated. The acute onset of her 
symptoms was evidently attributable to the rapid pro- 
gression of the disease, as evidenced by the ac- 
celerated rise of the serum calcium. 

Eight patients had hypophosphatemia; three had 
hyperphosphatemia; and three had normophosphate- 
mia. The serum phosphorus was normal or low initially, 
but, as the disease progressed, it invariably rose, con- 
comitant with the impairment of renal function, as evi- 
denced by the rise of the BUN and creatinine. 

In all 14, the alkaline phosphatase was elevated, 
reflecting active resorption of the bones. The BUN 
level was normal in six and elevated in eight. In seven, 
it rose simultaneously with the rise of the serum cal- 
cium. In the 12 patients in whom the serum creatinine 
was determined, the level was elevated in all but one 
patient. 

There was little or no change in the serum sodium, 
potassium, total protein, albumin, globulin, and elec- 
trophoresis in these patients, but, in the 13 who had 
profile screening, the serum chloride was 102 meg/l or 
below in nine patients and above 102 meq/I in four. 

The carbon dioxide level in all but one of the 11 
patients remained within a normal range. A slightly 
elevated carbon dioxide level in Patient 3 could be 
attributed to the excessive use of antacids for the 
relief of pain from a duodenal ulcer. 

The hematologic and urinary findings are shown in 
Table 3. A moderate amount of anemia with a hematocrit 
below 3896 was observed in eight of the 14 patients 
in the series. Normochromic, normocytic anemia with 
a hematocrit of 30% or lower was present in four pa- 
tients in whom bone marrow studies were found to be 
normal. 

Urinalysis revealed a low specific gravity (between 
1.000 and 1.015) in each of these patients; in ten, the 


urinary acidity (pH) ranged from $5.5 to 7.5. The 
amount of calcium excreted in the urine over a 24 hour 
perioc was determined in nine patients, and it ranged 
between 190 and 780 mg. In two, although the level 
of serum calcium was high, the urinary calcium was 
surprisingly low. 

The immunoreactive parathyroid hormone (PTH) 
was determined in eight patients, and in each, the PTH 
level was considerably elevated (Table 3). The PTH 
was not available for the first six patients. 


Roentgenographic Findings 


Roentgenographic evidence of demineralization of 
one or more bones was present in most of the patients 
(Table 4). Especially noteworthy was the subperiosteal 
resorotion of the phalanges seen in six of the eight 
patiemts (75%) whose hands were examined. In three 
of the four who had x-ray examination of the teeth, 
there was partial or complete loss of the lamina dura. 
Intravenous pyelography revealed the presence of 
either renal stones, nephrocalcinosis or both in six 
patieats. Upper gastrointestinal examination dem- 
onstrated a duodenal ulcer in two. 

Twelve patients had a cervical esophagographic 
study. An indentation of the esophageal wall was 


TABLE 4. Roentgenographic Findings in 14 Patients with 
Hyperparathyroid Crisis 





Patients 

Examined Positive Negative 
ESENE linge a ea case 
Subperiosteal resorption 8 6 (75%) 2 
Lamsna dura of teeth (absent) 4 3 (75%) l 
Renal stones 14 6 (43%) 8 
Duodenal ulcer 14 2 (14%) 12 
Cineesophagram 12 9 (75%) 3 


aaa 
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TABLE 5. Management of 14 Patients with Hyperparathyroid Crisis 


Patient No. Preoperative Therapy Days Treated Condition Surgery 
OO 
l Hydration. 3 Improved Successful 

4 Hydration. 2 Improved Successful 

3 Hydration. l Improved Successful 

4 Hydration. 2 Improved Successful 
5 Hydration. Lasix, prednisone, Neutra-Phos. 8 Patient died No surgery 
6 Hydration. Lasix, Neutra-Phos. 7 Patient died No surgery 

7 Hydration. 2 Improved Successful 

8 Hydration. Lasix, Neutra-Phos. 8 Improved Successful 

9 Hydration. Lasix, calcitonin, Neutra-Phos, mithramycin. 10 Improved Successful 

10 Hydration. Lasix, Neutra-Phos, mithramycin, calcitonin. 8 Worse Successful 

11 Hydration. Lasix, Neutra-Phos, Hydrocortisol. 8 Improved Successful 

12 Hydration. Lasix, prednisone, mithramycin, calcitonin. Dialysis. 8 Worse Successful 

13 Hydration. Lasix, Neutra-Phos. 13 Improved Successful 

14 Hydration. Lasix, Neutra-Phos. 14 Improved Successful 


ŘS 


TABLE 6. Pathologic Findings of Hyperparathyroid Crisis 
in 14 Patients 





Diseased Gland 





noted in nine (75%), and in each, it coincided with 
the location of the large parathyroid gland uncovered 
at surgery. 


Patient Weight Biopsied Treatment and Results 
No. Pathology Size (cm) (g) Gland(s) i ux 
Prompt saline infusion was initiated in each of these 
l ge Ng 4x25 x2 - RL patients in an attempt to combat dehydration and lower 
iin: the serum calcium. Additionally, three patients re- 
2 Adenoma 4x 3x 2.5 10 RL ceived corticosteroids as a diagnostic aid in the dif- 
(RU) LU uM š "pe 
ferentiation of hyperparathyroid crisis from pseudo- 
3 UN 4x 3x4 10 RL hyperparathyroidism, but in none did the drug lower 
aa the serum calcium to any degree. 
4 Adenoma 3x 1.5 x 1.5 5 RL After having had adequate fluid replacement, five 
n) patients underwent successful emergency exploration 
5t a 3x5x6 | "- of the neck within 24—72 hours of the acute onset 
nbl of symptoms. In the remaining nine patients, surgery 
6t Adenoma e 14 = was deferred. In addition to hydration and diuresis, 
LEND each was given one or more of the hypocalcemic 
7 Carcinoma 3.5 x 2.5 x 2.5 7 RU drugs (Table 5). Five patients responded to the treat- 
Ue ment, and, as their conditions improved, successful 
8 ——M - 10 LU surgery was performed on an elective basis. Four failed 
Ti ) to respond to the medical therapy which they had 
received for as many as eight days. As their con- 
9 Adenoma 5x4Xx 1 — RL is A 
(RU) ditions became progressively worse, two of the four 
P : — - underwent emergency surgical intervention and re- 
à; AD , TON m covered. The other two patients did not have surgery 
and eventually died. 
11 Adenoma TRIKI 35 RU 
L LL ‘ —" 
n Pathologic Findings 
12 Adenoma 32% 12%4 — REL..." 
(RU) Thirteen of the 14 patients had neoplasms. There 
13 Pe & ds = LU were 12 adenomas and one carcinoma. Only one pa- 
(LU) tient had primary hyperplasia (Table 6). 
14 p E PTT uM LU | Unilateral exploration was performed in seven pa- 
(LU) tients for an adenoma and in one for carcinoma. Bi- 





* RU, RL - right upper, right lower gland. LU, LL - left 
upper, left lower gland. 
+ Uncovered at postmortem examination. 


lateral exploration was performed in four patients: in 
one patient, for hyperplasia; in one, by intent be- 
cause the pathologic diagnosis of the diseased gland 
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had been equivocal; and in two patients, for an adenoma 
in the second side explored. 

All the diseased glands were unusually large, weigh- 
ing from 5 to 35 g and measuring from 3 to 7 cm. 


Postoperative Course 


The 12 patients who underwent exploration all 
showed an immediate improvement of symptoms. 
Lethargy disappeared, nausea and vomiting subsided, 
and the appetite improved. Cardiac arrhythmia spon- 
taneously abated. The response to surgery was 
dramatic. 

Postoperatively, with few exceptions, the serum 
electrolytes returned to normal. However, three to four 
days were generally required for the serum calcium to 
reach a normal level (Fig. 2). Presumably, it takes time 
for the large calcium pool in the interstitial space to 
be mobilized for excretion. Hypocalcemia was seldom 
a problem. The serum phosphorous, regardless of 
whether it had been high or low, also reverted to a 
normal level. Contrary to expectation, both the BUN 
and the creatinine often remained high in the im- 
mediate postoperative period. In some patients, they 
rose even higher by the second or third postoperative 
day (Figs. 3a and b). Such sustained or peak elevation 
might easily be ascribed to progressive or irreversible 
renal impairment. It is not clearly understood why this 
happened, but the explanation could be that more time 
is required for the kidney to resume its normal function. 

In each case, the plasma PTH fell promptly after 
surgery to a normal level (Table 3). Simultaneously, 
the symptoms improved dramatically. The immediate 
disappearance of the symptoms and the reversion of 
the PTH to a normal level lend support to the premise 
that the primary cause of the symptomatology may 
be the elevated PTH and the effect of the serum cal- 
cium, secondary. Similarly, anemia, which had stub- 
bornly resisted conventional medical therapy, also 
showed signs of ameliorating, although it often took 
weeks or even months to resolve completely. The 
specific gravity and the pH of the urine generally be- 
came normal soon after the operation. 

Our long-term follow-up studies indicated that it 
took from three to six months before roentgenologic 
study showed demonstrable improvement in the con- 
dition of the bones. 


Postmortem Examination 


Two patients died without having surgery. In each, 
a large parathyroid gland was found in the lower part 
of the neck. One of these diseased glands measured 
5 x 5 x 6 cm, and one weighed 14 g. Examination of 
the lungs, kidneys, and gastric mucosa revealed ex- 
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Fic. 2. Eventual but slow return of serum calcium to normal, seldom 
before third or fourth day. Slowness of return caused concern over 
thoroughness of exploration, but time may be needed to mobilize 
immense calcium pool for excretion from interstitial to intravascular 
space. 


tensive calcified deposits in one patient and nephro- 
calcinesis and renal stones in the other. 


Discussion 


Hyrerparathyroid crisis is a rare disease. Fewer 
than 100 cases have been reported in the literature.'® 
The drsease affects both sexes. While it may occur at 
any age, it is more frequently encountered in the older 
age group. 

Mamy hyperparathyroid patients with a relatively 
high s2rum calcium remain asymptomatic without ever 
having any of the acute symptoms of hyperparathyroid 
crisis. At the other extreme, a patient may present a 
clinical picture of hyperparathyroid crisis with a 
serum calcium level as low as 15 mg/100 ml. Accord- 
ing to Fuller Albright, the danger signs which suggest 
the cnset of hyperparathyroid crisis are a rapid 
escaletion in the serum calcium to a level of about 17 
mg/100 ml; a sharp decline in the output of urine; and 
a cortinuing rise in serum phosphorus and BUN.? 
To these, we have added a fourth, a marked elevation 
of the plasma PTH. 

In making the diagnosis, the most difficult task is to 


differ2ntiate hyperparathyroid crisis from pseudo- 


hyperparathyroidism. Neither the clinical manifesta- 
tions nor the biochemical alterations characterize this 
disease exclusively, as similar findings may be noted 
in hypercalcemic crisis of an origin other than the 
parat ayroid glands.’ 

The serum chloride level has been generally re- 
garded as useful in differentiating the two dis- 
eases,:1075 but we have not found it helpful in making 
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Fic. 3a and b. Continuing high levels of BUN and creatinine after surgery sometimes reached peaks which gave impression of irreversible or 
worsening renal damage. They eventually returned to normal as the serum calcium leveled off as seen in a) Case 2 and b) Case 3. 


the diagnosis. Contrary to the general belief that the 
serum chloride level is usually higher in hyper- 
parathyroidism and lower in pseudohyperparathy- 
roidism, the serum chloride level was lower than 102 


TABLE 7. Differential Diagnosis of Hyperparathyroid Crisis 
from Pseudohyperparathyroidism 


Hyper- 
para- Pseudo- 
thyroid hyperpara- 
Crisis thyroidism * 
General appearance good poor 


Anemia with hypoproteinemia and 
hypoalbuminemia no yes 


Metabolic complications present absent 
Previous hypercalcemia present absent 
Immunoreactive PTH elevated undetectable 
or low 
Subperiosteal resorption of phalanges present absent 
Lamina dura of teeth absent present 


meg/l in nine patients and higher in four of the 13 who 
had profile screening. 

There are, however, a few subtle differences be- 
tween the two diseases (Table 7). One is in the general 
appearance of the patient. Patients with hyper- 
parathyroid crisis, unlike those with malignancy, are 
usually well nourished. In spite of the critical nature 
of their disease, they seldom lose much weight or are 
emaciated. Only three of our 14 patients lost up to 20 
pounds during the course of the illness. All three had 
had acute vomiting and anorexia. In contrast, patients 
suffering from pseudohyperparathyroidism almost al- 
ways appear chronically ill. 

Anemia may be present in either disease, but, in 
hyperparathyroid crisis, it is rarely associated with 
hypoproteinemia. In contrast, this association is 
common in pseudohyperparathyroidism.* Eight of our 
patients had a hematocrit of 3896 or lower, but none 
had associated hypoproteinemia or hypoalbuminemia. 
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The presence or absence of metabolic complications 
is a second diagnostic clue in the differentiation be- 
tween the two diseases. Renal stone, peptic ulcer, and 
skeletal changes are often associated with hyper- 
parathyroid crisis, but they are seldom seen in 
pseudohyperparathyroidism. Six patients in our series 
had renal stones or nephrocalcinosis, and two had 
peptic ulcer. In a patient with severe hypercalcemia, 
the presence of any one of these complications favors 
a diagnosis of hyperparathyroid crisis. 

A past history of hypercalcemia is presumptive evi- 
dence for a diagnosis of hyperparathyroid crisis and 
thus presents a third dimension in making the diag- 
nosis. Five patients in our series were known to have 
had hypercalcemia from three months to four years, 
and the diagnosis of hyperparathyroidism was docu- 
mented or had been suspected. 

A high level of immunoreactive parathyroid hormone 
PTH strongly suggests hyperparathyroid crisis and is 
a fourth consideration in making the differentiation. 
The elevation of immunologically assayable parathyroid 
hormone-like activity has been reported in some pa- 
tients with malignancies.??2925 However, it has al- 
most always been at a lower level than is usually found 
in patients with primary hyperparathyroidism.? In all 
eight of our patients who had radioimmunoassay, the 
PTH was considerably elevated, as much as five to ten 
times above normal, but, after surgery, it returned 
promptly to a normal level. It appears that a marked 
elevation of the PTH in association with acute hyper- 
calcemia further confirms the diagnosis of hyper- 
parathyroid crisis. 

Other signs presumably diagnostic of hyperpara- 
thyroid crisis are the presence of subperiosteal re- 
sorption of the phalanges and the loss of the lamina 
dura of the teeth. Subperiosteal resorption of the 
phalanges was present in 75% of our patients, but none 
had been encountered in pseudohyperparathyroidism. 
In hyperparathyroid crisis, moreover, subperiosteal 
resorption is invariably associated with an elevated 
serum alkaline phosphatase. While the alkaline phos- 
phatase may be elevated in either malignant or benign 
hepatic disease, only in hyperparathyroid crisis is it 
associated with subperiosteal resorption of the pha- 
langes or with the loss of the lamina dura of the teeth. 

The treatment of hyperparathyroid crisis is primarily 
surgical and should be promptly undertaken. Dehy- 
dration is expeditiously corrected and the serum cal- 
cium brought down to a level of 12-13 mg/100 ml. If 
this level is not achieved within 48 hours, one of the 
hypocalcemic drugs may be judiciously used, pref- 
erably mithramycin. The long-term effectiveness of the 
hypocalcemic drugs, however, is often debatable.!7-! 
Of the nine patients in our series who were treated 
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with one or more of these drugs, the serum calcium 
fell in only five; in four it failed to respond to the 
therapy. While these drugs may have brought about a 
temporary improvement, the prolonged use of saline 
infusien and furosemide associated with these drugs 
invariably resulted in increased interstitial edema. As a 
consequence, identification of the uninvolved para- 
thyroid glands at surgery was often rendered extremely 
difficult, a technical point that is seldom appreciated 
by our medical colleagues. 

If the serum calcium has fallen to a reasonably safe 
level, one may proceed with preoperative localization 
studies. Our first preference is noninvasive cervical 
esophagraphy. Since the diseased gland in each patient 
was exceptionally large, one might expect that cervical 
esophagography would demonstrate an impressive in- 
denta-ion as it did in nine of our 12 patients. 

Other sophisticated invasive localization studies are 
seldom needed for these patients. We have found that 
selective venous catheterization and arteriography are 
time-consuming and not without risk, especially in a 
patient who is already acutely ill. It is best to re- 
serve these procedures for complicated cases which 
require reexploration. One patient, Number 6, died 
from cardiac arrest a few hours after undergoing a 
venous catheterization examination. 

A correct intraoperative pathologic diagnosis is im- 
perative, for it dictates the extent of the operation 
to be undertaken.” If the exploration is unnecessarily 
extensive or if too many glands are indiscriminantly 
removed, hypoparathyroidism is bound to ensue, but, 
if the procedure is inadequate, hyperparathyroid crisis 
may well continue. To treat hyperplasia, the excision 
of three whole glands and part of a fourth is required. 
In 15 patients in our series, however, the diseased 
gland was a neoplasm, and there is thus a 93% chance 
for a cure in these patients without extensive explora- 
tion, simply by excising the diseased gland. We con- 
tend. therefore, that routine bilateral cervical explora- 
tion is not only unjustified but also invites needless 
surgical and anesthetic risk. 

In conclusion, it cannot be overemphasized that 
hyperparathyroid crisis is one of the few endocrine 
emergencies that demands prompt surgical interven- 
tion. We have achieved the best results by undertaking 


«exploration as soon as possible, preferably within the 


first 72 hours of the acute onset of symptoms. We be- 
lieve that surgery should not be postponed beyond the 
seventh or eighth day, unless the hypocalcemic drugs, 
given alone or in conjunction with hydration and 
diuresis, are successful in lowering the serum calcium 





t Some of the hypocalcemic drugs used were mithramycin, 
calcitonin, and Neutra-Phos. 
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level to 12 or 13 mg/100 ml. Hyperparathyroid crisis is 
curable whereas hypercalcemic crisis, caused by 
pseudohyperparathyroidism or other diseases. seldom 
is. For this reason, emergency exploration of patients 
with severe hypercalcemia is justified, even if the 
diagnostic evidence for hyperparathyroid crisis is only 
presumptive. Should hypercalcemia prove to be asso- 
ciated with an incurable malignancy, Surgery will not 
compromise the prognosis, but should the diagnosis be 
hyperparathyroid crisis, surgery may well save the 
patient’s life. 
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disorcers with minor hemobilia, 254 

glucose infusions affecting, in burns, 274 

hemodynamics after shunt procedures in cirrhosis, 523 

histolozy in cirrhotic bleeding, 218 

proteir depletion affecting, 144 

regeneration after lobectomy, 48 

trauma of, concepts in treatment of, 423 
Lung 

autotransplantation of 

hemodynamic and angiographic studies of, 654 
light and electron microscopic studies of, 648 
clotting and fibrinolysis in, during abdominal aortic 
aneurysm surgery, 623 

experimental injury of, and effects of methylprednisolone, 

hemodynamics in congenital diaphragmatic hernia, 332 
Lymphocyte count, age-related response to surgery, 761 
Lymphoma, malignant 

of ducdenum, 179 

and staging laparotomies in Hodgkin's disease, 45 
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Maxillocraniofacial surgery, and evaluation of early opera- 
tion, 320 
Megacolon, in elderly patients, 40 
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Melanoma, immunotherapy in, 366 

Mesocaval shunt, in cirrhosis, hemodynamic changes from, 
523 

Metoclopramide, effects on postoperative ileus, 27 

Methylprednisolone, in experimental pulmonary injury, 236 
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Necrosis of skin, heparin-induced, 595 
Neuralgia, saphenous, after femoral angioplasty, 609 
Neutrophil chemotaxis, in anergic surgical patients, 557 
levamisole affecting, 286, 557 
Norepinephrine levels, age-related response to surgery, 761 
Nutrition 
carbohydrate intake and glucose kinetics in trauma, 117 
in children with advanced malignancies, 771 
and glucose requirements after burn injury, 274 
and hepatic effects of protein depletion, 144 
parenteral 
in chylous ascites after abdominal aortic aneurysm 
surgery, 631 
fatty acid deficiency in, 139 
in gastrointestinal fistulas, 189 
and peripheral infusion of crystalline amino acids, 565 
and postoperative infusions of branched-chain amino 
acids, 18 
Nylon sutures, tissue reaction to, 54 


O 


Obesity 
gastric partitioning in, 392 
and price of weight loss by jejunoileal shunt, 382 
and risk reduction in gastric operations, 158 
Oddi sphincter pressures, after endoscopic papillotomy, 
176 
Oil-red-O stain, of parathyroid tissue, 671 
Oxygen consumption 
myocardial, hypothermia affecting, 106 
pancreatic, in acute pancreatitis, 728 


P 


Pain, in hyperlipemic abdominal crisis, 401 
Pancreas 
carcinoma of 
distinguished from pancreatitis, 587 
ductal, total pancreatectomy in, 373 
fine needle aspiration biopsies of, 732 
intraductal pressure related to cholinesterase activity, 6 
pseudocyst of 
relation to Santorini duct, 719 
stapled cystogastrostomy in, 166 
Pancreatectomy 
anastomotic ulceration after, | 


total, in ductal carcinoma, 373 . 


Pancreatitis 

acute experimental, 728 

chronic, surgical treatment of, 312 

distinguished from carcinoma of pancreas, 587 

and hyperlipemic abdominal crisis, 401 

protease inhibitors affecting, 13 

in renal transplantation patients, 535 
Papillotomy, endoscopic, and Oddi sphincter pressure, 176 
Parathyroid gland 

autotransplantation in prevention of delayed hypocalcemia 

after thyroidectomy, 508 
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hyperparathyroid crisis, 782 
inferior, arrested descent of, 64 
pathology in hyperparathyroidism, 671 
Perforation, gastrointestinal 
in colon trauma, management of, 430 
in gastric bypass patients, prevention of, 158 
in renal transplantations, 535 
in stress ulcer of infants, 706 
in typhoid fever, 31 
Peritoneovenous shunting, long-term, and superior vena 
caval obstruction, 758 
Pilonidal disease, sacrococcygeal, and reconstruction after 
radical excision, 231 
Platelet aggregation, heparin-induced, 595 
Polyp(s), colonic, cancer potential of, 679 
Polypropylene sutures, tissue reaction to, 54 
Popliteal artery, anatomic variations of, 555 
Portal hypertension. from choledochal cyst, 638 
Portal vein catheterization, percutaneous transhepatic, in 
esophageal varices, 549 
Potassium levels, age-related response to surgery, 761 
Presidential address: The unfinished painting, 265 
Progesterone receptors, in cystosarcoma phylloides, 640 
Proline metabolism, in sepsis, 577 
Prostaglandins, in hemorrhagic shock, compared to cortico- 
steroids, 735 
Prostatectomy, and surgical decision-making process, 409 
Protease inhibitors, effects in pancreatitis, 13 
Protein 
albumin levels after peripheral infusion of crystalline amino 
acids, 565 
depletion of, hepatic effects of, 144 
hypotension from plasma protein fraction, acetate role in, 
305 
synthesis after glucose infusions in burns, 274 
Pseudocyst, pancreatic 
relation to Santorini duct, 719 
stapled cystogastrostomy in, 166 
Pubic resection, for rectal carcinoma, 543 
Pyloro-cholecystic reflex, and gallbladder contraction, 170 
Pyloro-pancreatic reflex, 174 


R 


Radiation, with bone marrow replacement, in transplanta- 
tion of kidney, 461 
Rectum. See Gastrointestinal tract 
Regeneration of liver, after lobectomy, 48 
Renin levels, age-related response to surgery, 761 
Respiratory quotient, glucose infusions affecting, in burns, 
274 
Revascularization 
by arteriovenous reversal, 243 
intestinal, prophylactic, 514 
myocardial, evolution of surgery in, 444 
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Sacrococcygeal pilonidal disease, and reconstruction after 
radical excision, 231 
Santorini duct, relation to pancreatic pseudocyst, 719 
Saphenous neuralgia, after femoral angioplasty, 609 
Sepsis 
and anergy in surgical patients, 286 
and plasma amino acids as predictors of outcome, 571 
proline metabolism in, 577 


Vol. 190 e No. 6 


Shock, hemorrhagic, comparison of corticosteroids and 
prostaglandins in, 735 
Skin necrosis, heparin-induced, 595 
Skin testing, and anergy in surgical patients, 286 
Sodium levels, age-related response to surgery, 761 
Splenectomy, in Gaucher's disease, 592 
Splenorenal shunt, distal, in cirrhosis, hemodynamic changes 
from, 523 
Staging laparotomies, in Hodgkin's disease, 45 
Stapling 
in cystogastrostomy for pancreatic pseudocyst, 166 
in gastric operations for obesity, 162, 164 
for gastric partitioning in morbid obesity, 392 
Stomach 
adenocarcinoma of cardia, 690 
comparative dimensions in Japanese and Americans, 690 
esophagogastrectomy for carcinoma of cardia, 699 
Strokes, after carotid endarterectomy, 676 
Surgical decision-making process, 409 
Sutures, synthetic, tissue reaction to, 54 
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Tachycardia, malignant ventricular, endocardial resection 
in, 456 
Teflon-coated sutures, tissue reaction to, 54 
Thoracic duct drainage, and renal transplantation, 474 
Thoracic outlet syndrome, concepts of treatment in, 657 
Thrombosis 
delayed, of bovine heterografts, 743 
heparin-induced, 595 
Thymus, and undescended "'parathymus'' gland, 64 
Thyroid hormones, age-related response to surgery, 761 
Thyroidectomy, and prevention of delayed hypocalcemia, 
508 
Tissue reaction, to synthetic sutures, 54 
Tolazoline, effects in congenital diaphragmatic hernia, 332 
Tonsillectomy, and surgical decision-making process, 409 
Tourniquet ischemia, intravascular coagulation and fibrinoly- 
sis in, 227 
Transfusions 
and effects of microaggregate blood filtration during hip 
replacement, 75 
factor VIII concentrate in surgery in von Willebrand's 
disease, 746 
and hemostasis in trauma patients, 91 
Transplantation 
of kidney. See Kidney 
lung autografts 
hemodynamic and angiographic studies, 654 
light and electron microscopic studies, 648 
parathyroid autotransplantation in prevention of delayed 
hypocalcemia after thyroidectomy, 508 
Trasylol, effects in pancreatitis, 13 
Trauma 
abdominal, and minor hemobilia, 254 
in burns 
and glucose requirements, 274 
metabolic response to, 694 
of colon, perforating, 430 
glucose kinetics in, 117 
of liver, concepts in treatment of, 423 
massive transfusions in, affecting hemostasis, 91 
peripheral infusion of crystalline amino acids in, 565 
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calcium infusion test for insulinomas, 501 
cancer potential of colonic polyps, 679 
carcineid, of appendix, 58 
carcinema. See Carcinoma 
colorectal, and survival after radical resection, 350 
cystosarcoma phylloides, 640 
duodenmal, primary malignant, 179 
immurotherapy in melanoma, 366 
metastasis of, and fibrinolytic activity, 342 
and nutrition in children with advanced malignancies, 771 
peripaeral infusion of crystalline amino acids in cancer 
patients, 565 
of undescended "parathymus"' gland, 64 
Typhoid fever, bowel perforation in, 31 
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Ulcer 
anastc motic, after pancreatectomy, 1 
stress perforated in infants, 706 
Ultrasonography, Doppler, in intestinal arteriovenous mal- 
formation, 24 
Uretereaeocystostomy, external, in renal transplantation, 
653 
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Varices. esophageal, percutaneous transhepatic portal vein 
catheterization in, 549 
Varicose veins, and surgical decision-making process, 409 
Vascula- access grafts 
for chemotherapy, 614 
and delayed thrombosis of bovine heterografts, 743 
uses for, 72 
Vasculacure 
abdominal aortic aneurysm surgery 
chydous ascites after, 631 
wita intravascular clotting and fibrinolysis, 623 
arm veins in femoral-popliteal bypass grafts, 740 
arterial prostheses seeded with vascular endothelium, 84 
arteriovenous reversal for revascularization, 243 
carotid endarterectomy followed by stroke, 676 
comp ication of femoral angioplasty, 609 
cororary blood flow in hypothermia, 106 
evolucion of coronary arterial surgery, 444 
iliac ertery ligation in renal transplant patients, 753 
intest nal arteriovenous malformation 
Doopler ultrasonography in, 24 
anc arteriography in rectal hemorrhage, 203 
percutaneous transhepatic portal vein catheterization in 
esophageal varices, 549 
postoperative venous capacitance and outflow, 634 
propt ylactic revascularization of gut, 514 
. pulmenary, in congenital diaphragmatic hernia, 332 
trans‘emoral embolectomy failures, anatomic basis for, 555 
vasccilator effects of acetate in plasma protein fraction, 
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Vena cava, superior, obstruction with long-term peritoneo- 
venous shunting, 758 
Venous capacitance and outflow, postoperative, 634 
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The world's leading full-range test for 
fecal occult blood. 
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Entire Colon— 


Hemoccult” test or colonoscopy 





& em.— Digital examination 






25 cm. —Sigmoidoscopy 


Routine digital examinatior 
explores only 8 cm. of the colon. 
Sigmoidoscopy reveals an additional 
17 cm. But colorectal cancer can occur 
throughout the colon. And it's often 
asymptomatic. 

That's why the 'Hemoccult' guaiac 
method is so valuable as a preliminary 
diagnostic screen. 'Hemoccult' is a 
reliable detector of blood throughout 
the colon. 

In addition, it’s accurate, inexpensive, 
simple to use and easy to read. The test 
can be done in your office in minutes, or 
given to your patient to take home and 
return by mail. 

More than 100,000 cases of colorectal cancer 
will occur in the United States this year. 

The earlier they are diagnosed, the greater 
the chances for successful treatment. Send for 
your free 'Hemoccult' starter package, today. 


'Hemoccult' is available through local distributors, nationwide. 
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Send to: AOS 


SKD SmithKline Diagnostics 
880 West Maude Ave., PO. Box 1947 
Sunnyvale, CA 94086 


Please send me the 'Hemoccult I!’ Physician's 
Complimentary Starter Package. 


Name 





Address 





Ciy_______.__.._..._.. State— — — Zip 
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The first AV sequential pacemaker system to totally utilize 
the original CyberLith programming flexibility and reliabili 


Compact and light- 
weight, the CyberLith IV 
A-V sequential pacemaker 
(model 259-01) is designed 
to accomodate your pa- 
tient's long-term pacing 
requirements. 

A-V sequential (DVI) 
pacing can increase car- 
diac output to enhance the 
treatment of heart failure 
and sick sinus syndrome. 
This pacing mode can also 
be used to suppress numer- 
ous arrhythmias. 

The CyberLith IV is sub- 
stantially smaller than any 
other A-V sequential pace- 
maker, weighing one-third 
less than its nearest 
competitor. It utilizes two 


Intermedics CyberLith IV—Brief Summary 


INDICATIONS FOR USE: Implantable cardiac 
pulse generators may be indicated for 
long-term treatment of impulse formation or 
conduction disorders resulting in symptomatic 
bradyarrhythmias, tachyarrhythmias, and heart 
block unresponsive to drug therapy. 


A-V sequential pacing is specifically 
indicated for treatment of conduction 
disorders which require restoration of both rate 
dnd atrio-ventricular synchrony. A-V 


reduced-size unipolar 
leads, and the resulting 
smal er catheter ciameters 
facilitate passing these 
leads transvenously. 


Multi-programmable, 
the CyberLith IV o*fers 15 
rates, 15 pulse wicth settings 
and 7 sensitivity levels. The 


sequential pacing is diso indicated for patients 
with extensive myocardial inscrction with A-V 
block and sinus bradycardic. 


CONTRAINDICATIONS AND SIDE EFFECTS: 
There are no known contraincications to the 
use of pacemakers as a mecizal method for 
control of heart rate. Body reiestion 
phenomena, local tissue reaction or skin 
necrosis, muscle and nerve simulation, 
embolism, and cardiac tamponade have 
been reoorted. 


PRECALTIONS: See the “Cautionary Notes" 
section of the Physician's Manual for the 


standard series 522 
CyberLith Programmer per- 
mits selective noninvasive 
programming with all the 
necessary combinations. 


When you make a choice 
for your patient's best in- 
terest, choose CyberLith IV. 


4$ Intermedics Inc. 


P.O. Box 617 

Freeport, Texas 77541 
Tel: (713) 233-8611 

Toll free: 1-800-231-2330 


Our business is life™ 


Intermedics cardiac pulse generator to 

be implanted. Discussion includes Possible 
Complications, Environmental Hazards 
(electrocautery, diathermy, defibrillation, 
microwave ovens, home appliances, and 
industrial and special environments), and 
Effects of Drugs on Cardiac Pacing. $ 


NOTE: CyberLith IV is currently undergoing 
clinical evaluation. 

© November, 1979, Intermedics, Inc. 
CyberLith IV™ is a trademark of Intermedics, 
Inc. Freeport, TX. 
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GARAMYCIN 


gentamicin sulfate BO mg,/2 ml.) 


FIRST 


RIGHT FROM THE START 


Y You can count on the experience of GARAMYCIN* . € prompt peak serum levels (in 30 to 60 minutes 






















ws (gentamicin sulfate) when choosing presumptive after I.M. injection; and after completion of an LV. 
M antibacterial therapy. Its incomparable 13-year infusion) 
: record of safety in patients of all ages and consis- — ein vtro bactericidal activity against gram-negative 
E tent therapeutic effectiveness in serious gram- organisms often responsible for serious post- 
negative gastrointestinal infections,* including surgical and other nosocomial G.I. infections: 
peritonitis, makes GARAMYCIN a suitable first Escherichia coli, Proteus species (indole-positive 
T choice for STAT therapy. anc -negative), Pseudomonas aeruginosa? 
& When experience makes the Es oe ee ane species, and 
; ^ itrobacter species 
p erence E NNI e little resistance since its introduction | 
cia uc initis] thi i ensoelid e surtable antibacterial base for concomitant 
ay De used as initial tnerapy In Suspec antibiotic therapy in serious infections caused 


gram-negative infections before obtainirg results 


of susceptibility testing* by unknown organisms (see table): 


Antibacterial Spectrum of Some GARAMYCIN Combinations‘ 


3ARA GARA GARA GARA GARA ks GARA GARA 


ORGANISMS “ARB CEPH CARB AMPI CLIN AMPI METH CHLOR 
(See key & & 

below) CEPH CLIN 

Enterococci + = + + — + P = 
E. coli + + + + + + + + 
Enterobacter sp. + + + + + + + + 
Pseudomonas + + + - + + + Ty 
P mirabilis + + + - + 4- + + 
Proteus (indole-positive) + + + + + + + + 
Serratia + + + + + + + + 
Bacteroides fragilis = — = aiš + + 0 4 





Key: GARAmycin; CARBenicillin; CEPHalosporins; AMPIcillin: CLINdamycin; METHicillin; CHLORamphenicol 


Code: + almost always sensitive — occasionally sensitive 
= often sensitive O usually resistant 


Adapted from Fekety, F.R.: Antimicrobial therapy—1975, Univ. Mich. M. Cent. J. 40:97-106, 1975. 
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the severity additional 
peas aui o yr a hogy abi Box. Please see following page for Brief Summary *In vË SOON UD. LIN dose not necossarby 
of bing Information. ES r m vars actly may vany among 
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IN THE G.I. TRACT: 
WHEN YOUR EXPERIENCE 
TELLS YOU IT’S A SERIOUS 


GRAM-NEGATIVE INFECTION*.. 


GARAMYCIN 
(gentamicin sulfate 80 mg,/2 ml) 


CHOOSE 








RIGHT FROM THE START 


Brief Summary of Prescribing Information 

GARAMYCIN® Injectable, brand of gentamicin 

sulfate injection, USP, 40 mg. per ml. 

Each ml. contains gentamicin sulfate, USP equivalent to 40 mg. 
gentamicin. For Parenteral Administration. For complete infor. 
mation, consult official Package Insert January 1979. 









WARNINGS 
Patients treated with aminoglycosides should be 

under close clinical observation because of the 

potential toxicity associated with their use. 

As with other aminoglycosides, GARAMYCIN 
Injectable is potentially nephrotoxic. The risk of 
nephrotoxicity is greater in patients with impaired 
renal function and in those who receive high 
dosage or prolonged therapy. 

Neurotoxicity manifested by ototoxicity, both 
vestibular and auditory, can occur in patients 
treated with GARAMYCIN Injectable, primarily in 
those with pre-existing renal damage and in 

tients with normal renal function treated with 

igher doses and/or for longer periods than 
recommended. Other manifestations of neurotox- 
icity may include numbness, skin tingling, muscle 
twitching and convulsions. 

Renal and eighth cranial nerve function should 
be closely monitored, ially in patients with 
known or suspected reduced renal function at 
onset of nony and also in those whose renal 
function is initially normal but who develop signs of 
renal dysfunction during therapy. Urine should be 
examined for decreased specific gravity, increased 
excretion of protein, and the presence of cells or 
casts. Blood urea nitrogen, serum creatinine, or 
creatinine clearance should be determined period- 
ically. When feasible, it is recommended that serial 
audiograms be obtained in patients old enough to 
be tested, particularly high-risk patients. Evidence 
of ototoxicity (dizziness, vertigo, tinnitus, roaring in 
the ears or hearing loss) or nephrotoxicity requires 
dosage adjustment or discontinuance of the drug. 
As with the other aminoglycosides, on rare occa- 
sions changes in renal and eighth cranial nerve 
function may not become manifest until soon after 
completion of therapy. 

Serum concentrations of aminoglycosides 
should be monitored when feasible to assure 
adequate levels and to avoid potentially toxic 
levels. When —" gentamicin peak concen- 
trations, dosage should be adjusted so that pro- 
longed levels above 12 mcg/ml are avoided. When 
monitoring gentamicin trough concentrati 
dosage should be adjusted so that levels above 
mcg/ml are avoided. Excessive peak and/or trough 
serum concentrations of aminoglycosides may 
increase the risk of renal and eighth cranial nerve 
ase In the event of overdose or toxic reactions, 
hemodialysis or peritoneal dialysis will aid in 
removal of gentamicin from the blood. 

Concurrent and/or sequential systemic or topi- 
cal use of other potentially neurotoxic and/or 
nephrotoxic drugs, such as cisplatin, cephaloridine, 
kanamycin, amikacin, neomycin, polymyxin B, 
colistin, paromomycin, streptomycin, tobramycin, 
vancomycin, and viomycin, should be avoided. 
Other factors which may increase patient risk of 
toxicity are advanced age and dehydration. 

The concurrent use of gentamicin with potent 
diuretics, such as ethacrynic acid or furosemide, 
should be avoided, since certain diuretics by 
themselves may cause ototoxicity. In addition, 
when administered intravenously, diuretics may 
enhance aminoglycoside toxicity by altering the 
antibiotic concentration in serum and tissue. 





















































INDICATIONS AND USAGE Serious infections caused by 
susceptible strains of: Pseudomonas aeruginosa, Proteus spe- 
cies (indole-positive and indole-negative), Escherichia coli, 
Klebsiella-Enterobacter-Serratia species, Citrobacter species, 
and Staphylococcus species (coagulase-positive and-coagulase- 
negative). Clinically effective in bacterial neonatal sepsis: 
bacterial septicemia and serious bacterial inféctions of the 
central nervous system (meningitis), urinary tract, respiratory 
tract, gastrointestinal tract (including peritonitis), skin, bone 
and soft tissue (including burns). Culture and sensitivity studies 
should be performed to isolate and identify causative organisms 
and to determine their susceptibility to gentamicin. Aminogly- 
cosides, including gentamicin, are not indicated in uncompli- 
cated initial episodes of urinary tract infections unless the 
causative organisms are susceptible to these antibiotics and are 
not susceptible to antibiotics having less potential for toxicity. 

YCIN may be considered as initial therapy in suspected 
or confirmed gram negative infections, and therapy may be 
instituted before obtaining results of susceptibility. testing. 
Continued therapy with this drug should be based on the results 
of susceptibility tests, the severity of the infection, and the 
important additiona! concepts contained in the WARNINGS Box. 
If the causative organisms are resistant to gentamicin, other 
appropriate therapy should be instituted. In serious infections 
when the causative organisms are unknown, GARAMYCIN may 
be administered as initial therapy in conjunction with a 
penicillin- or cephalosporin-type drug before obtaining results of 
susceptibility testing. If anaerobic organisms are suspected, 
consider using other suitable antimicrobial therapy in conjunc- 
tion with gentamicin. Following identification of the organism 
and its susceptibility, appropriate antibiotic therapy should then 
be continued. GARAMYCIN has been used effectively in com- 
bination with carbenicillin for the treatment of life-threat- 
ening Pseudomonas aeruginosa infections; and has been found 
effective in conjunction with a penicillin-type drug for the 
treatment of group D streptococci endocarditis. GARAMYCIN 
Injectable has also been shown to be effective in the treatment 
of serious staphylococcal infections. While not the antibiotic of 
first choice, GARAMYCIN Injectable may be considered when 
penicillins or other less potentially toxic drugs are contraindi- 
cated and bacterial susceptibility tests and clinical judgment 
indicate its use. CONTRAINDICATIONS Hypersensitivity to 
gentamicin. A history of hypersensitivity or serious toxic 
reactions to aminoglycosides may also contraindicate use of 
gentamicin. WARNINGS See WARNINGS Box. PRECAUTIONS 
Neurotoxic and nephrotoxic antibiotics may be absorbed in 
significant quantities from body surfaces after local irrigation or 
application. The potential toxic effect of antibiotics adminis- 
tered in this fashion should be considered. Increased nephro- 
toxicity has been reported following concomitant administration 
of aminoglycoside antibiotics and cephalosporins. Neuromus- 
cular blockade and respiratory paralysis have been reported in 
the cat receiving high doses (40 mg/kg) of gentamicin. The 
possibility of these phenomena should be considered if 
aminoglycosides are administered to patients receiving anes- 
thetics or neuromuscular blocking agents succinylcholine, 
tubocurarine or decamethonium, or to patients receiving 
massive transfusions of citrate-anticoagulated blood. If neuro- 
muscular blockade occurs, falcium salts may reverse it. 
Aminoglycosides should be used with caution in patients with 
neuromuscular disorders, such as myasthenia gravis or parkin- 
sonism since these drugs may aggravate muscle weakness 
because of their potential curare-like effects on the neuro- 
muscular junction. Elderly patients may have reduced renal 
function which may not be evident in the results of routine 
screening tests, such as BUN or serum creatinine. A creatinine 
clearance determination may be more useful. Monitoring of 
renal function during treament with gentamicin, as with other 
aminoglycosides, is particularly important in such patients. 
Cross-allergenicity among aminoglycosides has been demon- 
Strated. Patient should be well hydrated during treatment. 
Although the in vitro mixing of gentamicin and carbenicillin 
results in a rapid and significant inactivation of gentamicin, this 
interaction has not been demonstrated in patients with normal 
renal function who received both drugs by different routes of 
administration. A reduction in gentamicin serum half-life has 


been reported in patients with severe renal impairment 
receiving carbenicillin concomitantly with gentamicin. Treat- 
ment with gentamicin may result in overgrowth of nonsuscepti- 
ble organisms. If this occurs, appropriate therapy is indicated. 
See WARNINGS Box regarding concurrent use of potent 
diuretics and regarding concurrent and/or sequential use of 
other neurotoxic and/or nephrotoxic antibiotics and for other 
essential information. Usage in Pregnancy—Safety for use in 
pregnancy has not been established. 

ADVERSE REACTIONS Nephrotoxicity—Adverse renal effects, as 
demonstrated by the presence of casts, cells or protein in the 
urine, or by rising BUN, NPN, serum creatinine and oliguria, 
have been reported. They occur more frequently in patients with 
a history of renal impairment and in patients treated for long 
periods or with larger than recommended dosage. Neurotoxi- 
city—Serious adverse effects on both vestibular and auditory 
branches of the eighth nerve have been reported, primarily in 
patients with renal impairment and in patients on high doses 
and/or prolonged therapy. Symptoms include dizziness, vertigo, 
tinnitus, roaring in the ears and also hearing loss, which, as with 
the other aminoglycosides, may be irreversible. Hearing loss is 
usually manifested initially by diminution of high-tone acuity. 
Other factors which may increase the risk of toxicity include 
excessive dosage, dehydration and previous exposure to other 
ototoxic drugs. Numbness, skin tingling, muscle twitching and 
convulsions have also been reported. Note: The risk of toxic 
reactions is low in patients with normal renal function who do 
not receive GARAMYCIN Injectable at higher doses or for longer 
periods of time than recommended. Other reported adverse 
reactions possibly related to gentamicin include: respiratory 
depression, lethargy, confusion, depression, visual disturbances, 
decreased appetite, weight loss, and hypotension and hyper: 
tension; rash, itching, urticaria, generalized burning, laryngeal 
edema, anaphylactoid reactions, fever, and headache: nausea, 
vomiting, increased salivation, and stomatitis; purpura, pseu- 
dotumor cerebri, acute organic brain syndrome, pulmonary 
fibrosis, alopecia, joint pain, transient hepatomegaly, and 
splenomegaly. Laboratory abnormalities possibly related to 
entamicin include: increased serum transaminase (SGOT, 
PT), and increased serum LDH and bilirubin: decreased 
serum calcium, magnesium, sodium and potassium; anemia, 
leukopenia, granulocytopenia, transient agranulocytosis, eosin- 
ophilia, increased and decreased reticulocyte counts, and 
thrombocytopenia. While local tolerance of GARAMYCIN Inject- 
able is generally excellent, there has been an occasional report 
of pain at the injection site. Subcutaneous atrophy or fat 
necrosis suggesting local irritation has been reported rarely. 
OVER E In the event of overdose or toxic reactions, 
hemocialysis or peritoneal dialysis will aid in the removal of 
gum from the blood. DOSAGE AND ADMINISTRATION 
ease consult official Package Insert or latest Physicians Desk 
Reference. HOW SUPPLIED 40 mg/ml in 2 ml (80 mg) vials; 1.5 
ml (60 mg) and 2 ml (80 mg) disposable syringes. Pediatric 

Injectable, 10 mg per ml, in 2 ml (20 mg) vials. 
11076840 JANUARY 1979 
AHFS Category 8:12:28 


For more complete prescribing details, consult Package 
Insert or latest Physicians Desk Reference. Schering litera- 
ture is also available from your Schering Representative or 
Professional Services COM Schering Corporation, 
Kenilworth, New Jersey 07033. 
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About a week after 
surgery, the number of 
fibroblasts reaches a 
Sa peak. Fibroblasts 

.* synthesize collagen 
and help repair 
damaged connective 
às tissues. 


In most cases, the 
sutures are removed 
at this point or earlier. 
As healing continues, 
supporting tissues are 
replaced and new 
blood vessels start to 
grow. Tiny intact 
capillaries bud out to 
form granulation tissue 
and new blood 
vessels in the wound 
area and scar. 
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Proper Suture Removal 

Minimizes Risk of Infection 

Strict adherence to aseptic technique 
and proper wound dressing are vital to 
the healing process and infection 
prevention. But there is risk of contami- 
nation during suture removal as the 

cut end is drawn through the primary 
surgical wound area. Observing aseptic 
technique can help reduce risks — but 
problems of cross-contamination associ- 
ated with reusable instruments may 
remain. LISTER'S? Suture Removal Kit 
helps overcome these problems with 
disposable instruments that also offer 
precision performance. 


Disposable Precision Instruments 
in Sterile/PATIENT READY® Pack 
LISTER'S* Suture Removal Kit com- 
bines modern technology with clinical 
understanding. It offers the sterile 
disposable components 
necessary for 





| PRODUCTS | INC. 


The Leader in Wound Management 







^4 Come Better Products 
for Wound Management 





the procedure, including instruments 
that really work. Forceps have self- 
aligning tips with non-slip grip to hol 
sutures firmly. Scissors have perfor- 
mance stainless steel cutting tips 
(Littauer or sharp/sharp). The sterile/ 
PATIENT-READY® kit provides every- 
thing you need to help maximize 
safety and convenience without sacr 
ficing precision performance. 


More Than Just Products for 
Wound Management 
Johnson & Johnson is committed to 
helping improve the quality of patier 
care. Ask your Johnson & Johnson 
representative about our Postoperati 
Wound Management training progra 
It's part of our comprehensive syster 
of products, services and 
educational aids design 
to meet your profes- 
sional needs. 
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